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THE WILSON DAM, NOW UNDER CONSTRUCTION AT 
MUSCLE SHOALS 
‘‘ The Fixation of Nitrogen”’ (Figure 1. See page 54) 





MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASSACHUSETTS 








ase aOR OE 


re de 


7 the fi 


thas twin brothers} 


a single alarm fire, all within fifteen minutes. A few 

weeks previous three four alarm fires had broken 
out within two hours. Washington, D. C. and San Fran- 
cisco had two four alarm fires within a few hours during 
that same week. Early in the year St. Louis had two 
serious fires at the same time in the business section which 
occupied forty engine companies and twelve hook and ladder 
companies. During the cold spell in Chicago in January, 
three hundred and fourteen alarms were received in one 
twenty-four-hour period. 


a recently had a three alarm, a two alarm and 


@ Such fires are one of the greatest fire dangers that menace 
industrial plants. If the municipal fire department is 
occupied elsewhere a fire may quickly attain dangerous 
proportions and result in a severe loss. To guard against 
such a danger many of the large industrial plants have 
organized plant fire brigades. Such brigades do not take the 
place of the municipal department. They simply keep the 
fire in check until the arrival of the city fire department. 
They are of especial value in smaller communities where 
one serious fire would occupy the entire fire department. 


@ If the plant fire brigade is to be effective an adequate 
fire alarm system should be provided. A HANDBOOK 
OF FIRE ALARM SIGNALING has been compiled which 
is based on the information which we have acquired while 
engineering fire alarm systems for industrial concerns during 
the past fifty years. A copy is yours for the asking. 


A Handbook 
“se 

of Fire Alarm 
Signaling 
This forty-eight page handbook of 
fire alarm signaling is based on the 
experience which we have had in 
engineering fire alarm systems for 
concerns of all sizes and properties 
of all characteristics. Following 
are some of the subjects covered: 
DEVELOPMENT OF THE Fire 

ALARM 


Fire ALARM Box GENERALLY 
Types or Finer ALAkM Boxes 
MEANING OF NON-INTERFERENCE 
PROTECTION FOR SMALL PLANTS 
PROTECTING THE LARGE PLANTS 
LarGE PLANT Fire ALARM Sys- 
TEMS; BoxEs, Tyres, LOCATION 
AND NUMBERING. 
SysteEM ZONING AND EMPLOYEES’ 
DRILLS 
SPRINKLER ‘CONNECTION TO FIRE 
ALARM SYSTEM 
A copy of this book will be 
willingly sent without obligation. 


THE GAMEWELL COMPANY 


NEWTON UPPER FALLS, MASS. 
FIRE AND POLICE SIGNALING SYSTEMS 
LASERS om A = aA em 
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The Magnolia Petroleum 
Building, Dallas, Texas 
ALFRED C. BOSSOM, 
Architect 


Drawn by Hugh Ferriss 


“Sheer Height” 


HE American business bags represents a distinct and national architec- 
tural style when its design frankly emphasizes its sheer height and outwardly 
expresses the inner facts of its construction. 
The tall buildings which stand as monuments throughout the country to the 
vision of our architeéts and the skill of our engineers have, in the gigantic pro- 
files which they rear against the sky, the true American spirit of aspiration and 
progress toward even greater achievements. 
Certainly modern invention—- modern engineering skill and organization, will 
prove more than equal to the demands of the architecture of the future. 
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Offices in all Principal Cities of the World 





THE TECH ENGINEERING NEWS 


THE WEST SIDE TENNIS CLUB STADIUM. FOREST HILLS, LONG ISLAND 
DURING THE DAVIS CUP MATCHES 
KENNETH M. MURCHISON, ARCHITECT CHARLES S. LANDERS, ENGINEER 


America’s Tennis Stadium at Forest Hills, Long Island, was built by The Foundation 
Company in record time. It was begun in April and completion was promised for 
the Davis Cup Challenge Round on August 31, 1923. It was actually used for 
the Women’s Nationals on August 13. The West Side Tennis Club, in choosing a 
general contractor, selected The Foundation Company because its record guarantees 
trustworthy workmanship and speed of construction without sacrifice of economy. 


The Foundation Company is an organization of construction engineers 
specializing in the building of difficult superstructures and substruc- 
tures. The world-wide reputation gained in its early history for trust- 
worthy underground construction has followed it into the field of 
general engineering contracting. Among the structures completed 
by The Foundation Company are buildings of every known type. 


THE FOUNDATION COMPANY 
CITY OF NEW YORK 


Office Buildings » Industrial Plants *» Warehouses » Railroads and Terminals * Foundations 
Underpinning + Filtration and Sewage Plants * Hydro-Electric Developments * Power Houses 
Highways * River and Harbor Developments * Bridges and Bridge Piers » Mine Shafts and Tunnels 


CHICAGO SAN FRANCISCO LIMA, PERU LONDON, ENGLAND 
PITTSBURGH LOS ANGELES CARTAGENA, COLOMBIA PARIS, FRANCE 
ATLANTA MONTREAL MEXICO CITY LOUVAIN, BELGIUM 


BUILDERS OF SUPERSTRUCTURES AS WELL AS SUBSTRUCTURES 
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AL DUTY 
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Industry, today, is paying more and more XQ 
attention to the transmission of power throughout .Y 
factories. Whatever the mechanical means used— 
whether gears, shafting, chains or belts and belt 
pulleys—anti-friction bearings are being adopted 
to eliminate power losses. 

Here, again, the Timken Dual Duty Capacity to 
take radial, thrust and combination loads, stands 
industry in good stead. 

Whatever the type of power transmission equip- 
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mounted must withstand more than radial loads. 

Gears must be held in perfect alignment. That 

implies a thrust load. Shafting must not bind nor 

shift back and forth. The slap and shifting of the 

belt (which incidentally is rarely in absolute align- 

ment) sets up thrust loads in the bearings. 
Timken Tapered Roller Bearings are being used 

in this service because of their Dual Duty capacity. 
Remember, in future years when you are faced 

with a bearing problem, that Timken Bearings will 

stand up under heavy loads—either thrust, radial a 

or both in combination—at high speeds. And in 

r addition, Timken Bearings are adjustable for the a 

wear which must follow motion. y 





The Timken Roller Bearing Company Ps 
® CANTON, OHIO , 
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THE CASCADE MOTOR 


HE cascade motor presents several 
advantages in the operation of 
winding engines and haulage 

gears and is considered by many 
engineers to be superior to the slip ring 
motor for this purpose. The cascade 
induction motor, it might be said, is 
the equivalent of two separate induc- 
tion motors connected in cascade by 
coupling together the rotor windings. 
In a similar way the cascade synchro- 
nous motor is equivalent to an induc- 
tion motor connected in cascade by 
coupling its rotor to the rotor windings 
of a synchronous motor having a 
stationary field. In the practical 
application of this principle there is 
only a single core, which carries both 
fields, and there is a single winding 
both in the stator and the rotor, but 
the motor works in two stages precisely 
in the same way as it would do if there 
were two machines. 

A winder, operated by a cascade 
motor, is accelerated in two stages 
which dovetail into one another. At 
starting, the slip ring circuit is open 
and the controlling resistances are 
connected to the induction circuit of 
the stator. This gives the cascade 
coupling and the winder accelerates 
to two-thirds speed. During the second 
stage, resistances are connected to the 
rotor and the second stator winding is 
opened. By gradually short-circuiting 
the resistances, the winder will run up 
to full speed. 

For a given kilowatt input a motor 
connected in cascade develops approxi- 
mately fifty per cent more torque than 
it does when connected to resistances 
through slip rings. For minimum 
kilowatt peak, the input is_ kept 
constant during both stages of accelera- 
tion and as the torque during the 
first stage is fifty per cent greater 
than during the second stage the 
acceleration is also greater. This is an 
advantage as it gives a smoother 
effect. This increase in the torque 
per kilowatt considerably reduces the 
input during acceleration and for 
winders of moderate depths the peak 
is from one quarter to one third less 





By MAJOR F. JOHNSTONE-TAYLOR 
British Army 


than for similar winders with straight 
induction motors, while the units 
consumed per wind are also less. 

Generally the cascade connection is 
only required during accelerating and 
retarding; in consequence the I[?R 
losses in the stator secondary circuit 
are of no moment; they simply form 
part of the controlling resistance 
losses. 

For this reason it is good practice 
to use two entirely separate windings 
for the stator, one the main winding 
of the usual type for connecting to the 
line and the other a similar winding 
connected for half the number of 
poles of the main winding with three- 
phase connections for coupling to the 
controller. 

The amount of copper in the second 
winding is determined solely on the 
basis of permissible temperature rise 


and as this winding is in circuit only | 


during the first stages of acceleration, 
and when retarding, the current 
density can be high. When retarding 
it is generally preferable to use only 
the cascade connection as this will 
simplify the control. To shut down in 
two stages would permit of regenera- 
tion but the energy returned to the 
line would be small. 

In the cascade motor there is only 
one core and one winding on the stator 
and rotor, but the core carries both 
eight- and four-pole magnetic fields, 
and the stator winding both the line 
current and the currents induced by 
the second field. The rotor winding is 
so arranged that the current produced 
in it by the action of the eight-pole 
field can also produce the four-pole 
field. The stator windings are grouped 
to form two parallel paths m each 
phase and the starting or speed 
regulating resistances are connected 
to points in this winding between 
which there is no difference of potential 
due to the line currents, but there is a 
full potential difference induced by the 
action of the four-pole rotor field. 

The control of the rotor currents 
being due entirely to the counter 
electromotive force set up in the 
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winding by the four-pole field, there 
are no connections brought out from 
it. It is, in consequence, of the short- 
circuited type. The two magnetic 
fields rotating in the same iron produce 
effects which are absent in slip ring 
motors. The most important of these 
is the absence of cogging during 
starting. For this reason it is found 
possible to run the machines with 
resistances connected to the stator 
tappings at speeds as low as two 
per cent of the full speed, the machines 
at the same time developing practically 
twice the full load torque. 

As before stated cascade motors 
for winding engines and haulage gears 
are arranged to work in two stages 
and they thus become the equivalent 
of induction motors connected in 
cascade with synchronous motors. 
The link between the two stages is 
the rotor winding, which virtually 
provides an electrical flexible coupling 
which prevents shock when the motor 
synchronises. 

The rotor winding is admittedly 
the weak spot of the ordinary self- 
synchronising motor, because, in order 
to reduce the exciting current to a 
reasonable figure the rotor must carry 
several wires per slot. In consequence 
when the machine is started as an 
induction motor very high voltages 
are generated and the slip rings and 
starting gear must be designed to 
withstand these voltages. 

In the cascade synchronous motor 
some of the slots carry two bars and 
the remainder only one, and as the 
winding is connected to form several 
parallel branches only a very low 
voltage is generated under any condi- 
tions. There are no slip rings or 
rubbing contacts, the whole of the 
stator is available for damping pur- 
poses and as the synchronous element 
of a twelve-pole rotor has a four-pole 
field the angular breadth of each pole 
is three times that of a motor of 
ordinary construction and of the same 
diameter. Thus the cascade motor is 
extremely stable and hunting under 

(Continued on page 82) 
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Professor of English and History, Massachusetts Institute of Technology 


ITH the fifth quinquennial 

\ \ already on the horizon, pre- 

dicted for 1925 by the 
weatherwise Technology alumni, and 
the splendid New York radio dinner 
just over and done with, at which 
Manchester, England, and _ other 
points north, south, east and west heard 
our speakers before their own table- 
mates could, it seems good to take 
account of stock, remembering what 
other celebrations of importance the 
Institute has staged in the past score 
of years. 

We have had four All-Technology 
reunions, in 1904, 1909, 1916, and 
1920. The fifth will probably come 
next year, if all plans hold good and 
we can think of something fitting to 
celebrate. There have also been sev- 
eral notable gatherings of the Tech- 
nology Clubs Associated in various 
parts of the country, as well as New 
York’s big demonstration two months 
ago, intended as a boom for a new 
building for the rapidly growing New 
York club, the mother of Technology 
clubs all over the United States. 

At this point Ike Litchfield, °85, 
plucks us by the sleeve to remind us 
that there were kings before Agamem- 
non and that in the consulship of 
Plancus things weren’t so dusty — 
and other classical allusions. By 
which he means to infer that the 
little old last year’s Tech Club out in 
Chicago, in the years from the World’s 
Fair to the first All-Technology re- 
union, from 1894 to 1904 to be precise, 
staged some celebrations which kept 
their members on their toes in expecta- 
tion of a meeting, kept the north- 
western alumni full of pep and spirit, 
and, eventually percolating to the 
frozen realms of Boston, as it was 
round the turn of the century, served 
as a model for our larger celebrations 
later. 

The Chicago alumni, we gather, felt 
that Boston was not very enthusiastic, 
not very live, and certainly not inter- 
ested in Chicago and points west. So 
they generated their own power and 
invented their own stunts and had a 
good time all by themselves. The big 
Telephone Dinner may have been 
held in Boston in 1916 but the first 
Telephone Dinner, Ike avers, was held 
in Chicago in 1898, when the telephone 
was, so to speak, in its adolescence. 
The roll call at that dinner included 
Boston, with President Crafts and 
Secretary James P. Munroe speaking 
for the Institute, New Hampshire 
with an alumnus Governor Rollins on 
the wire, New York represented by a 





young but rising politician, Governor 
Theodore Roosevelt, St. Louis with 
Stoughton Walker, Dallas, Texas, 


with A. D. Flood, and Thomas A. 
Edison from his laboratory. A small 
demonstration compared with the 







THE TECHNOLOGY SERIES 


Last yar THE TECH ENGINEER- 
ING NEWS published a series of articles 
on the buildings, laboratories and business 
administration of the New Technology. 
This series met with such widespread 
approval among our readers that we are 
continuing the idea this year. Our new 
series is of a slightly different character, 
dealing with the great personalities and 
the more human side of the Institute. 
As our space limits us to only a bare 
outline of the subject, it is hoped that the 
new series will serve as an inspiration to 
Jurther reading along this line. The topics 
which the series covers are as follows: 


















THE FOUNDERS OF THE INSTI- 
i, OPO EO OE October 
Prof. H. W. Tyler, ’84, Head of the 
Department of Mathematics. 


FRANCIS AMASA WALKER 

jAnkentqderieetaswetataeh ae November 
J. P. Munroe, ’82, Secretary of the Cor- 
poration, M. I. T. 


RICHARD COCKBURN MACLAURIN 
Essien ety eal tate atic are eae tard December 
Harold Eric Kebbon, ’12, Architect. 


A HISTORY OF THE SOCIETY OF 
Tn Ee es January 
Prof. H. M. Goodwin, ’90, Department 
of Physics. 


A HISTORY OF THE DEPARTMENT 
OF ARCHITECTURE..... February 
Prof. William Emerson, Head of the 
Department of Architecture. 


RELATION OF INSTRUCTOR TO 
STUDENT AT TECHNOLOGY 
ajolavain seve ieie'S shadaiaveraere atnlaarcats March 
Prof. L. M. Passano, Department of 
Mathematics. 


GREAT GATHERINGS AT TECH- 


Prof. R. E. Rogers, Department of 
English. 






















monster synthesis of 1916 or the even 
more miraculous radio exhibition of 
two months ago, but the first of its 
kind and a witness even before the 
Spanish War that Technology was on 
the scientific map. 

There followed, shortly after, a 
Liquid Air Dinner, given by the 
Chicago Tech Club, demonstrating 
the uses of forty gallons of liquid air 
manufactured especially for it, a 
stunt which got first page publicity in 





every paper in Chicago. And in 1900 
the same club pulled a Radio Dinner, 
the first in America, by which the 
diners ordered their food from the 
kitchen by wireless and believed that 
the subsequent appearance of the food 
was a proof of the marvels of science. 
Post hoc, ergo propter hoc, as Archime- 
des observed. 

Whether the news of Chicago’s 
activities had penetrated east or not 
is not known, but when Litchfield 
left Chicago for Boston in 1904, he 
found plans in full swing for Tech- 
nology’s first great reunion, scheduled 
for June of that year, but even then 
planned to be the first of a series to be 
held every five years — forever. 

The promoter of the 1904 gathering, 
Harold Frederic Fay, °93, in his 
prospectus for that reunion does, 
however, give the credit for initating 
the idea to the Northwestern Asso- 
ciation, which we take to mean 
Chicago. The success of the class 
reunions, on a somewhat large scale, 
of ’93 and ’98, at the Commencement 
the preceding June, had given the cue 
to the Boston crowd, the argument 
being that alumni would be glad to 
come back if any reason were given 
them to come back for. How logical 
was that reasoning was proved without 
question in June of that year when the 
Technology Alumni Association staged 
its first big reunion round commence- 
ment time and succeeded in calling 
home fully one thousand six hundred 
registered alumni. And in those days, 
after forty years of Technology, when 
graduating classes were still small, 
around two hundred, and when the 
roster of active alumni did not begin 
to approach present-day numbers, 
that was a heartening and successful 
gathering. 

The first reunion included atten- 
dance at 1904’s Class Day and Com- 
mencement receptions by Dr. S. J. 
Mixter, ’75, chairman of the committee 
on the reunion, by Mrs. William Bar- 
ton Rogers and by the Corporation 
and Faculty; class dinners, class and 
fraternity excursions, that good old 
institution, Tech Night at the Pops, 
and, the finish crowning the opus, an 
all-day excursion to Nantasket and 
the Alumni Dinner at the Somerset. 
To attend these festivities many 
journeyed across the continent, a 
prophecy of the 1916 reunion when 
alumni came from Shanghai, from 
Hawaii and from South America to be 
on the ground. 

The spirit of the reunion was per- 
haps best expressed by the lyric by 
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Gelett Burgess, °87, which was sung 
at the Pops: 


You can’t make crimson out of cardinal and 


gray, 

You can’t make crimson out of cardinal and 
gray, 

You can’t make crimson out of cardinal and 
gray, 

As Tech goes marching on! 

We don’t give a D———— for Harvard, etc., 
etc., etc. 


For those were:the days of the 
great merger discussion, in which the 
hastily strengthened Alumni Asso- 
ciation created, one might say, over- 
night that expression of Technology 
spirit which resulted in the lasting in- 
dependence of the Institute and its 
great increase since. It is imposs:ble 
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Institute of Chicago, drove, to the 
accompaniment of applause, their 
spikes into the merger plan to such 
effect that, to all intents and purposes, 
it died that June and has not been 
since resuscitated. 

In every case the All-Technology 
reunions have centered about some 
event of great interest to the alumni. 
In 1904 it was the proposed merger, 
in 1909 it was the inauguration of 
President Maclaurin. The reunion of 
that year, larger than that of five 
years before, was free from the ex- 
citement of controversy, but full of 
happiness in the election of a new 
president and the anticipation of an 
enlarged endowment and a new site. 
Besides the inauguration, the usual 
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and with allegorical pageantry, the 
Institute moved across the river and 
took possession of the new buildings. 

It was an occasion which almost 
monopolized the space in the Boston 
newspapers for nearly a week and 
which throughout the country gave 
Technology such publicity as it has had 
never before or since. Over four 
thousand men, or nearly half the 
active alumni, registered at the head- 
quarters, coming, some of them, from 
as far away as Shanghai, Ceylon, South 
Africa and Hawaii. Nearly one hun- 
dred and fifty women students were 
also registered. 

The interesting fact about the 
celebration was that it was entirely 
under control of one man, so far as 








Speeches given at this banquet were heard over the whole country. This was made possible by-the co-operation of five of the 


to say how much the merger difficulty 
was the cause of the reunion being held 
at this time, nor how much the reunion 
contributed to settling the merger 
question for all time — but the two 
were obviously not completely uncon- 
nected. As Burgess’ rhyme shows. 
But the great day of the reunion 
was the last, when under the chairman- 
ship of Litchfield, the alumni held 
that first frolic at Nantasket, with 
stunts by the classes, which became a 
model for those later, and larger, but 
perhaps not more successful reunion 
frolics. And in the evening, at a 
dinner which Mr. Litchfield describes 
as perfectly electric with feeling, 
speaker after speaker, both alumni 
und non-Technology guests, such as 
President Gunsaulus of the Armour 





largest radio broadcasting stations in the country. 


commencement events and the dinner, 
there were two get-together days, one 
at Nahant and the other, the big 
stunt day, at Nantasket, which far 
surpassed in an elaborate and amusing 
feature the first tentative stunts which 
had proved to be such a success that 
their repetition was assured. 

The distinctive features of the 1909 
reunion were few but its success was 
undoubted and it settled the question 
whether it was wise to attempt quin- 
quennial reunions heartily in the 
affirmative. 

But the greatest celebration Tech- 
nology has held, and probably one of 
the greatest ever held by any American 
educational institution, was the Gol- 
den Jubilee Dedication Reunion of 
1916, when with pomp and ceremony, 





the alumni events were concerned. 
The success of the stunt days at 
Nantasket under I. W. Litchfield’s 
direction in the past had shown his 
organizing ability and his keen sense 
of what the public wanted and what 
made an effective and memorable 
celebration. The result was that he 
was made general manager of the 
Reunion, assisted by many commit- 
tees, of course, but having the entire 
system of arrangements in his hands. 
He saw to the appointing of every 
committee, he sat on every committee, 
he organized the celebration as a 
whole, and the parts in relation to 
each other, and he handled the entire 
burden of advance publicity for drum- 
ming up alumni interest, with some 
(Continued on page 76) 
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Assistant Director of Engineering Department, Western Electric and Manufacturing Co. 


YOUNG man with a natural 

tendency toward engineering 

and with ability finds in elec- 
trical engineering an opportunity to 
successfully employ his best efforts. 
America holds its foremost place 
because it leads in power, in trans- 
portation and in industry. The basis 
of all this leadership is engineering, 
and electricity is the biggest factor 
in each phase. Great improvements 
already have been made by the 
application of electrical apparatus 
to these great national processes: 
future developments will be largely 
dependent upon electricity. The 
extent of the use of electricity for the 
last twenty years has been doubling 
every five years and this means that 
it will be nearly twice what it now is 
by the time the present students in 
our engineering colleges get fairly 
into their lifé’s work. 

As the electrical industry has become 
more ramified and more highly organ- 
ized, there has grown up in _ the 
electrical engineering profession a func- 
tional classification of the work. No 
longer does one engineer deal with all 
things electrical. Today some elec- 
trical engineers are concerned solely 
with the generation, transmission and 
distribution of power and even within 
the field the functions will be found 
subdivided. Others concern them- 
selves solely with communication and 
here we have the telephone engineer, 
the telegraph engineer, the signal 
engineer, and the radio engineer. 
Still another group is interested in 
applications, that is, the proper selec- 
tion of the apparatus to be used in 
meeting a specific demand. The appli- 
cation engineer understands the prob- 
lem to be solved and knows the means 
of solving it. It is the purpose of this 
article to point out something of the 
nature of the duties of an application 
engineer and those characteristics 
which are requisite to success in the 
application engineering field. 

The application or general engineer, 
as he is usually called, within a manu- 
facturing organization, meets work 
covering a broad field. He works up 
engineering proposals or negotiations 
and goes into the field to assist sales- 
men. He visits outside properties to 
devise new schemes which will promote 
the use of electricity and result in 
augmented and cheaper production. 
It becomes his duty to see that the 





*Note. The fourth of a series of four articles con- 
tributed by Westinghouse E. and M. Co. in the hope that 
the information presented may be helpful to engineering 


undergraduates in analyzing themselves in relation to the 
engineering profession. 


apparatus supplied is correct as to 
capacity, size, characteristics, and that 
it is representative of the best engi- 
neering practice. He must be a first- 
class engineer and in addition be 
possessed of commercial instincts. He 
must be a convincing talker and able 
to present engineering arguments with 
the force and personality necessary 
to quickly create a favorable impres- 
sion upon purchasers, consulting engi- 
neers, boards of directors, city councils, 
etc. He must be versatile in his modes 
of adaptation to the various phases 
of life, for his activities may take him 
to any corner of the world. 

The general engineer in his relations 
with the designer must furnish him 
with the requirements as to capacity, 
size and function of the apparatus 
for the specific purpose. To enlarge 
somewhat on the general classification 
of his field, as given in the first para- 
graph, his activities may pertain to 
the generation, transmission, and the 
distribution of power; electrification of 
railroads; ship propulsion, and the use 
of electricity on board naval and 
merchant ships; coal and metal mines; 
steel, textile, and cement mills; electro- 
chemistry; electro-metallurgy; metal, 
and woodworking industry; electric 
welding; battery charging; illumina- 
tion; communications, and many other 
applications. 

The general engineer considers every 
customer as his client who is relying 
on him to see that the apparatus 
furnished is representative of the very 
best engineering practice. It is 
apparent that he must be a coéperator, 
because he must work with salesmen, 
with designers, with the installation 
and service engineers and must be 
able to successfully deal with their 
viewpoints. 

The application engineer must be 
not only fully informed regarding the 
apparatus with which he is concerned 
and thoroughly understand its efficient 
application, but he must have a 
thorough knowledge of the industries 
in which he is engaged. It requires 
broad-gauge engineering ability to 
bring together the many elements 
of the engineering work which he 
performs. 

Electrification is adopted for various 
purposes: to obtain greater output 
with given facilities and to get out a 
product which is superior to that 
which can be obtained in any other 
way. For example, closer speed regula- 
tion may result in a more uniform 
silk fabric; a railroad may be unable 
any longer to handle its tonnage with 








its existing track facilities, whereas 
the adoption of electricity may enable 
it to move longer trains with greater 
speed. The factory, by electrifying its 
machines, may make it possible to 
group them in an entirely different 
manner which will greatly facilitate 
the movement of materials, thereby 
reducing the time and labor required 
in the production of its output. 

An application engineer, therefore, 
must have a good grasp of economic 
principles, because it will be seen that 
economic questions are among the 
most important to be met. 

He must know the industries in 
which he is engaged, as those engaged 
in such industries are primarily inter- 
ested in getting the maximum output of 
the best grade of product at minimum 
cost. Unless the engineer understands 
the problems which the customer must 
meet and the machinery and processes 
utilized, it is not only impossible for 
him to successfully perform his engi- 
neering duties in a thoroughly suc- 
cessful manner, but it likewise is 
impossible for him to meet them on 
their own ground — and “industrially 
speaking” to use their own language. 

To attain success, the application 
engineer must be able to visualize the 
future in order that the engineering 
vision applied to the industries of the 
world may not only keep pace, but 
reach beyond the day-to-day develop- 
ments of the art. The world is con- 
stantly changing; the inhabitants of 
our own country are faced with new 
problems. We were, for many years, 
an agricultural country and lived within 
ourselves; we exported very little to 
other countries; most of the people of 
the land lived on farms or in rural 
communities; probably little more 
business was transacted in those days 
in a month’s time than is now con- 
densed into the course of a_ busy 
man’s day in the period in which we 
now live; there was no communication 
except by messenger, carrier pigeons, 
or signalling; few tools were required 
to meet the worker’s needs. Then the 
telephone, the telegraph, the loco- 
motive, electric traction and_ the 
industrial motor came in rapid suc- 
cussion. These, with many other 
things, completely revolutionized our 
country. Manufacturing industries 
sprung up and it is within the span of 
life of the men in our colleges today 
that these have grown to enormous 
dimensions. Much of the population 
has moved from the country to the 
cities; competition has become keen. 
(Continued on page 74) 
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INSECT CONTROL, ANCIENT AND MODERN 


HETHER the locusts and wild 

\ \ honey of which the ancient 
prophets partook in the wil- 

derness was a great delicacy is some- 
thingwhich thewriter hasnot personally 
determined. Probably the custom of 
eating the insect part of this bill of 
fare did its bit toward holding the 
large and voracious locusts of Palestine 
in check. Doubtless those eaten were 
caught during one of the soft-shelled 
stages which occur between their 
hatching and the brief period of 
maturity during which such insects 
reproduce and each locust eaten 
accounted for a material reduction in 
the numbers of the next generation. 
Against most insect pests such 





© Insect Pests of Farm, Garden and Orchard 
THE GIPSY MOTH 


Male above; female below 


epicurean methods would hardly suf- 
fice. Of the several million known 
varieties of insects, from the large 
woolly worms that enterprising little 
boys advertise to eat for five cents — 
down to the minute scale insects that 
enter into the menu of lady beetles, 
there are few if any insects which the 
ladies would esteem delicacies in spite 
of their genealogical relationship to 
lobster a la Newburg. 

An insect is any animal with six 
legs which wears its skeleton on the 
outside, when it has one. 

The methods of controlling insects 
include all known means of con- 
trolling animals except swearing. 

Those, like the bee, whose products 
are useful to man can be coaxed to 
serve him by food, shelter, care and 
kindness. 

Those that annoy and infect him 
and destroy his products and the 
resources which he needs may be 
checked by hunting, trapping, poison- 





By J. L. RICHARDS, ’09 


ing, starving, smothering, gasing, 
parasitizing, infecting, burning, drown- 
ing, exposing, feeding to live stock 
during immature stages and by favor- 
ing the bird, insect and other natural 
enemies of the offenders, each kind 
according to what methods are most 
economical. 

Which one, or rather what combina- 
tion of the above mentioned methods 
of destruction is most economical to 
use depends upon the feeding, travel- 
ing, breeding, molting and hibernating 
habits of the intruder. In spite of the 
fact that the number of insect species 
runs into the millions, from the stand- 
point of control, they divide themselves 
simply into two principal groups, 
biters and suckers. 

There are two main divisions among 
the biters. Those with sharp tearing 
mouth parts feed upon juicy animal 
food as scavengers, and by hunting 
other insects they perform services 
useful to man. Those with mouths 
built to grind their food live upon 
green vegetation, nuts, cereals, wood, 
fibres, and upon fur and hair and their 
products. They are either surface 
feeders or borers that live inside the 
material upon which they feed. Except 
for a few species producing silks and 
fibres themselves, these grinders are 
pests. 

The sucking insects puncture their 
hosts and live upon their juices or 
find food which is in solution or they 
can bring into solution by a saliva 
with which they are equipped. Among 
them are the insects which cause 
vegetation to dry out or wilt and a 
large variety of scavengers as well as 
many which attack living animals. 
The latter group includes numerous 
varieties that feed upon insects and 
so aid in their control. Sucking insects 
may be classified also according to 
whether they attach themselves to 
their hosts for life or by the meal. 
Those that come around for meals 
after the manner of the mosquito 
are most familiar. 

The first step in insect control is 
hunting. The cause of insect damage 
must be identified and its habits 
learned before it can be controlled. 
Measures to prevent the spread of 
infestations, that is, quarantines, need 
to be established, which prevent the 
movement of material likely to carry 
infestation with it into new territory 
until examination has shown it to be 
free from the pest in any form or 
stage. Beyond these two phases, 
study and exclusion, hunting alone 
generally is not an economical method 


of control. It is often used to 
determine the extent and severity of 
infestation for the purpose of gauging 
the effectiveness of other control 
measures and in planning further 
action. 

The most immediately effective 
control for insects that chew foliage or 
otherwise feed at the surface is poison- 
ing applied through their stomachs, 
arsenate of lead spray being most 
popular for the purpose. It is used 
where the value of the vegetation 
attacked is relatively high, so that the 
slower and cheaper control by natural 
enemies or insect diseases would 
involve too great a loss. The hunting 
and destroying of the egg masses and 
nests of this type of insects by fire or 


| 
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THE ROUND-HEADED APPLE-TREE BORER 
Larve, adults and exit holes 


chemicals has been quite helpful in 
combating some of the species, but 
cannot be recommended so generally 
as poisoning. 

With the boring types the problem 
is not so simple. The time when the 
insect is in the host plant or fabric in a 
form in which it cannot get away 
when disturbed has to be determined. 
Then the offenders may be gassed with 
carbon bisulphide or formalin if the 
host is a valuable ‘ree or fabric. If 
they bore just under the bark of 
timber which can be utilized, peeling 
it will destroy them by exposure to 
the elements and to their enemies. 
If a wood borer, complete destruction 
of the infested material is the only 
alternative of fumigation. Structural 
timber and wood finish fortunately 
may be protected from insects by the 
same treatment that protects them 
from decay. Saturation with creosote 
or salts of mercury renders wood 
inedible or poisonous. 

(Continued on page 74) 
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THE PERIODIC REVERSAL OF THE MAGNETIC 
POLARITY OF SUN-SPOTS 


By DR. GEORGE E. HALE, ’90 


Honorary Director of the Mount Wilson Observatory, Pasadena, California 


is more impressive than the rapid 

increase in scale of dynamo elec- 
tric machinery. If we wish, however, to 
realize what proportions electromagne- 
tic phenomena can attain, we must 
look toward the sun. 


N O advance in modern engineering 





Figur 
THE SUN AS IT APPEARS WHEN PHOTOGRAPHED 
WITH WHITE LIGHT 

The existence of vortices centering 
over sun-spots was discovered on 
Mount Wilson in 1908 with a spectro- 
heliograph, an instrument for photo- 
graphing the sun with monochromatic 
light. A second slit, used in place 
of the eyepiece of a spectroscope, is 
set on a certain line in the spectrum 
of the sun. Suppose this to be one of 
the H and K lines of calcium, at 
the extreme violet limit of the visible 
spectrum. The instrument is moved 
at a uniform rate so that the first slit 








Figure 3 
THE SUN AS PHOTOGRAPHED WITH THE 
SPECTROHELIOGRAPH 


Here the red hydrogen line H« has been used 


passes over an image of the sun at the 
focus of a telescope. A monochro- 
matic image of the luminous calcium 
vapor in the sun’s atmosphere is thus 
built up as the light from successive 
portions of the disc is recorded by a 


photographic plate close behind the 
second slit. Figure 1 shows the sun 
as it appears to the eye or as when 
photographed in the ordinary way 
with white light. Figure 2, from a 
photograph made at nearly the same 
time with the spectroheliograph, shows 
the bright clouds of calcium vapor, 
revealed by this instrument, which are 
otherwise quite invisible. 

It will be seen that these calcium 
clouds, or flocculi, show no evidence 
of distinct currents or of vortex 
motion. But if the red hydrogen line 
H«. is used to photograph the sun 
with the spectroheligraph, a very 
different picture results (Figure 3). 
The vortices thus found on Mount 
Wilson in 1908 in the upper atmosphere 
of the sun, above the level of the cal- 
cium flocculi illustrated in Figure 2, 
suggested that the lower-lying spots, 
over which these vortices are centered, 
might also prove to be vortices. If so, 
the rapidly whirling charged particles, 
which we know to be present in a 
hot body like the sun, should give 
rise to a magnetic field. The im- 
mediate detection of a magnetic field 
in every spot examined confirmed this 
view. 

This discovery was made possible 
by the Zeeman effect — the resolution 
of certain lines in the spectrum into 
three or more components when. the 
luminous source is placed in a strong 
magnetic field. In the laboratory 
fields of from 15,000 to 30,000 gausses 
are usually employed, and as_ the 
separation of the components is di- 
rectly proportional to thefield-strength, 
spectroscopes of the largest standard 
forms serve very well to study the 
effect for different lines. In sun-spots 
the fields are much weaker, though 
they frequently cover areas greater 
than that of the earth. Thus a very 
powerful spectroscope is needed to 
observe them effectively. 

The instrument now used for solar 
magnetic observations on Mount Wil- 
son was especially devised for the 
purpose, and built in the observatory 
shops. A tower about 50 meters high 
carries in the dome at its summit a 
coelostat, the plane mirror of which, 
driven by clockwork, keeps the sunlight 
constantly reflected to a second plane 
mirror, which is fixed in _ position. 
This sends the light vertically down- 
ward through a telescope objective of 
30 centimeters aperture and 46 meters 
focal length, mounted near the summit 
of the tower. This lens forms an 
image of the sun about 43 centimeters 


in diameter in a laboratory at the 
base of the tower, where the light 
from a sun-spot or any other part of 
the disc can be analyzed with a power- 
ful spectrograph. 

The spectrograph, of 23 meters focal 
length, is mounted vertically in a well 





Figure 2 
THE SUN AS PHOTOGRAPHED WITH THE 
SPECTROHELIOGRAPH 
The bright clouds are calcium vapor, invisible when 
photographed with white light 

excavated in the earth beneath the 
tower. The light from a_ sun-spot 
after passing through the slit of the 
spectrograph, strikes a collimating lens 
of 20 centimeters aperture, mounted 
near the bottom of the well, which 
renders the rays parallel. They then 
fall on an optical grating — a polished 
plane of speculum metal ruled with 
about 600 lines to the millimeter — 
which diffracts the light and returns 
it upward through the 20 centimeters 
collimator. This lens then serves as 
a telescope or camera objective and 
forms an image of the spectrum at a 








THE IRON LINE 6173 SPLIT INTO THREE 
COMPONENTS 


This split is caused by the magnetic field in the sun spot 


point near the solar image and slit, 
in the laboratory at the base of the 
tower. Here the lines can be observed 
or photographed. 

Figure 5 shows how the iron line 
46173 is split into three components 
by the magnetic field in a sun-spot. 
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The separation of the components is 
directly proportional to the strength 
of the field, which is therefore strongest 
near the middle of the spot and tapers 
off to zero near its outer boundary. 
The characteristic circular or elliptical 
polarization of the two outer com- 
ponents of this line causes them to be 
cut off alternately by the successive 
strips of a compound quarter-wave 
plate, used with a long Nicol prism 
which covers the whole length of the 
slit. A given strip of the quarter- 
wave plate transmits the right com- 
ponent (the one toward the red end 
of the spectrum) of a spot of north 
polarity and the violet component of 
a spot of south polarity. In this way 
the polarities of all spots are deter- 
mined daily, and their field-strengths 
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Figure 6a 
FOUR SPOT ZONES SIMULTANEOUSLY PRESENT 
ON THE SUN 
There are two in each hemisphere and are characterized 
by distinct polarities 


are also found by measuring the dis- 
tance between the red and _ violet 
components of the separated line. 
The first step in the formulation 
of the polarity law was the discovery 
that spots almost always occur in 
pairs, of opposite magnetic polarity. 
Sometimes only two spots are present 
in these bipolar groups, but more often 
each of the members consists of several 
spots of the same polarity. Single 
spots, or groups of spots having the 
same polarity, are usually followed by 
a train of flocculi, and invisible spots 
are sometimes detected at the position 
where the missing spot of a bipolar 
group might occur by means of a 
special device, which reveals there a 
weak magnetic field. Thus about 
90 per cent of all spots are found to be 
either bipolar or to tend toward this 
form, and a simple scheme of classi- 
fication may therefore be based upon 
this peculiarity. 
_ As is well known, sun spots occur 
in cycles of about 11.1 years. At 
maxima, many spots may be seen on 
the sun daily, while at minima, weeks 
may elapse without the appearance 
of a single spot. During the last part 








of the cycle that ended in 1913 the 
preceding (western) member of bipolar 
groups in the northern hemisphere 
was found to be of south polarity and 


the following member of north polarity. 





Figure 4 
A DIAGRAMMATIC SKETCH OF THE 
MOUNT WILSON TELESCOPE 


The tower is about fifty meters high and carries, in the 
dome at its summit, the coelostat 

In the southern hemisphere this ar- 

rangement was reversed, as the illus- 

trations show. 

The spots of a new cycle always 
appear in high latitudes (30 degrees to 
40 degrees) and the mean latitude of the 
spots steadily decreases as the cycle ad- 
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vances. Before the last spots of the old 
cycle had completely ceased to appear 
near the equator, the first spots of the 
next cycle began to break out in 1912. 
To our surprise, their polarities were 
seen to be reversed, as though the 
spots of the northern and southern 
hemispheres had suddenly changed 
places. But the old cycle spots near 
the equator continued to exhibit the 
old polarities as long as they per- 
sisted, so that in 1912, as Figure 6a, 
shows, there were four spot zones 
simultaneously present on the sun, 
two in each hemisphere, characterized 
by distinct polarities — certainly a 
remarkable condition of affairs. 
Throughout the cycle that thus 
began in 1912, the polarities of the new 
spots in both hemispheres, with only 
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Figure 6b 
SPOTS REVERSED IN POLARITY TO THOSE OF 
PREVIOUS CYCLE 


The magnetic aspect of the four zones 
is unlike that of 1912 


four per cent of exceptions, have re- 
mained the same as at the outset. 
These spots, as usual, have steadily 
decreased in mean latitude, and the 
sun has now returned to a condition 
resembling that of 1912 and 1913. 
The first spots of the next (third) 
cycle are appearing in high latitudes, 
while the low latitude spots of the 
last (second) cycle have almost dis- 
appea We are greatly interested 
to find that the new spots are again 
reversed in polarity, and the magnetic 
aspect of the four zones, unlike that 
of 1912, is now as shown in Figure 6, b. 

Space is lackiag to describe our 
various investigations on the magnetic 
fields in sun spots and the nature of 
the spot vortex. The evidence seems 
to indicate that ‘the vortex which 
produces the field, and causes by 
centrifugal expansion the cooling that 
accounts for the comparative darkness 
of the spots, lies at a low level, within 
the photosphere. The vortices shown 
by the spectroheliograph in the hydro- 
gen atmosphere, several thousand miles 
above the spots, appear to be second- 
ary phenomena. Their direction of 

(Continued on page 84) 
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District Engineer, United States Bureau of Public Roads 
Delivered Before the County Engineer’s Road School, Manhattan, Kansas 


improvement project there is a gen- 

eral tendency to assume the loca- 
tion as predetermined by existing roads, 
local improvements, rights of way lines 
and other similar factors. Furthermore 
it is customary to proceed with road 
improvements along existing lines mak- 
ing only minor corrections in alignment 
to secure easier curves and grades. 
To assume definite terminals and inter- 
mediate control factors, and from these, 
determine a public highway location is 
an unusual procedure, except perhaps 
in the undeveloped mountain and 
forest regions of our western states. 
In fact it appears to be the established 
practice among highway engineers to 
accept existing roads as the practical 
and feasible lines for new highways 
which are designed to serve vastly 
larger interests than were the old 
roads laid out by a previous generation. 
The public has not yet awakened to 
the fact that highways fill a large part 
in our modern transportation scheme 
and that their location should be con- 
sidered from the viewpoint of econom- 
ical service to the public. The sub- 
ject of location receives comparatively 


I the consideration of a highway 











A POORLY PLANNED ROAD 


With greater care in planning, this grade could have been 
avoided. Grades for motor vehicles should not 
exceed five per cent 
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ADVANTAGEOUSLY PLANNED ROAD 











Here snow is a serious factor in winter. This location, being exposed, is free from drifts 
and is also open to the action of sun and wind 


little mention in most textbooks on 
highway engineering. 

With the large construction program 
we have in this country we should 
carefully weigh the merits of each 
proposed project and then plan for its 
development in line with the service 
it is expected to perform. One of the 
first steps, therefore, is to determine 
the prospective use of the highway. 
This determination will permit us to 
fix upon those factors or conditions 
which should be the controlling in- 
fluence in locating the highway. The 
uses of highways place them in the 
following general classes: 

I. Primary State Highways: 

(a) Serving as a transportation line 
or aS a major connection between 
metropolitan areas. 

(b) Serving a number of important 
cities or industrial centers which, in 
effect, form a series of controls along 
a continuous route. 

(c) Serving as an important through 
route for long distance traffic including 
interstate connections. 

II. Secondary State Highways: 

(a) Serving as connections from 
town to town and county to county 
providing intrastate service. 

(b) Serving as intercounty transpor- 
tation line, or as cardinal line to 
important city. 

(c) Serving as tourist and pleasure 
roads. 


III. County Roads: 

(a) Serving intracounty _ political, 
social and commercial interests. 

(b) Town and city market roads. 

(ec) Mail delivery routes. 

It is evident that the same conditions 
should not similarly affect the location 
of all classes of highways. For the 
Class I (a) roads not only should we 
have highway type construction with 
substantial and adequate roadways, 
easy grades and good alignment, but 
we should also have as nearly as 
practicable direct location between term- 
inal points with distance reduced to 
a practicable minimum. We should 
be primarily concerned with providing 
a traffic way for a large number of 
motor vehicles moving to or from a 
common terminal and should consider 
the tributary traffic of minor impor- 
tance. Since the time interval between 
terminals is of major importance, the 
location should be with the view of 
reducing distance and the design for 
safety and speed. For such a highway 
the local factors should have very little 
influence. 

In order to permit consideration 
of this subject in a general way, the 
discussion will be restricted to Class I 
and II highways, as it is upon these 
classes that the professional engineer 
is usually employed at the present 
time. Every State now has a State 
highway department and there has 
been determined for each State a 
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system of highways which includes 
Class I and II and in some instances 
part of the Class III roads. For the 
greater portion of the country these 
State highway systems have been 
determined in a tentative way only, 
and since only a small portion of the 
mileage has been improved there 
exists an opportunity to effect economic 
location of the roads if the engineer 
and the highway official will work with 
this end in view. 

The general location of State high- 
way routes is determined by the service 
to be provided. There develops long 
distance traffic to and from some dis- 
tant objectives; the general direction 
of the route will be influenced by 
this traffic, but in most cases the route 
will be laid out to provide connections 
between important geographical and 
commercial centers and through centers 
of population. Consequently the study 
of the route resolves itself into a study 
of the several sections. The location 
is determined practically by inde- 
pendent sections between terminals. 
When the terminal points are deter- 
mined the problem of location con- 
sists of two major considerations: 

1. The approaches to the terminals 
and necessary connections. 

2. The control features 
terminals. 

Approaches to terminal cities should 
be laid out so as to permit the division 
of traffic to the several important parts 
of the city and also to other highways 
with the least possible confusion or 
mixing with the city traffic proper. 
It is desirable to make these divisions 
to: 

(a) The retail section. 

(b) The wholesale section. 

(c) Railway and steamship lines. 

(d) Several residental sections, and 

(e) Direct connections (preferably 
without the city) with other important 
highways. 

Few cities have street systems laid 
out so as to make such an arrangement 
possible for immediate construction, 
but in order to provide for such an 
arrangement in the future, the plan 
should be fully developed in coépera- 
tion with city and other public officials. 

Where it is necessary because of 
existing highways to carry the traffic 
of a highway through a city, it is 
desirable to do this on one continuous 
street and thus avoid the heavy traffic 
sections if possible. Also it is desirable 
to avoid sharp turns and changes in 
directions within the cities. It is 
often possible to effect these changes in 
direction outside the city and then 
cross the city practically on a tangent. 
This is the desirable course. City 
officials who are already confronted 
with traffic problems will codperate 
to secure the best possible results. 
There are, however, still a number 


between 
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of officials who consider the highway 
as a part of “Main Street out in the 
country”’ and _ believe, therefore, all 
traffic should follow the principal 
business throughfares of the city. In 
these cases it will be difficult to secure 








A WELL-CONSTRUCTED ROAD 


This road is built of concrete and has easy grades and 
good alignment 


immediate satisfactory adjustments. 
Beyond the immediate effect of 
the terminals we have the intermediate 
control features to consider in relation 
to location. 
These features are: 
I. Natural conditions. 
(a) Barriers such as rivers, valleys, 
mountains, ete. 
(b) Soils 
(c) Drainage 
(d) Distance 
(e) Grades 
(f) Alignment 
(g) Weather 





A MOUNTAIN ROAD 





II. Development conditions. 
(a) Population centers 
(b) Other transportation service 
(c) Industries and agriculture 
(d) Railroad crossings 
(e) Existing highways 
(f) Finance 

In making locations along natural 
barriers and also along artificial ones, 
such as railroads, levees and canals, 
it is desirable to leave room between 
these barriers and the highway to 
permit development on both sides of 
the highway. Numerous examples 
exist of highways laid out directly 
adjacent to railway lines with the 
result that suburban development 
proceeds rapidly along one side of the 
highway but is retarded where the 
railway prevents direct frontage on 
to the highway. 

Cost of construction and maintenance 
may be influenced by soil conditions, 
and an alternate route with better 
soil conditions might well be considered 
— better soil conditions are to be 

ad. 

Drainage features are to be considered 
in the same way as soil conditions. 
Sections subject to overflow should, 
in particular, be avoided due to effect 
on traffic and on the stability of the 
road itself. 

Distance can often be substantially 
reduced by careful location study. 
This is especially true in sections of 
the country where public roads are 
laid out on the rectangular or section 
line system. In such cases a reduc- 
tion in distance of from 15 per cent 
to 25 per cent is frequently possible 
with similar topographic features to 
be met. Reduction in distance of 
from 3 per cent to 10 per cent is fre- 


(Continued on page 71) 





This road is well planned. The location has been so selected that in no place a grade greater 
than five per cent is necessary 
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COMMON SENSE AND THE PROBLEM OF 
NITROGEN FIXATION 


By DR. FREDERICK G. COTTRELL 


Chairman of the Division of Chemistry and Chemical Technology of the National Research Council 


R. ALDRED, in his introduc- 

tory remarks at the opening of 

this course of lectures, quoted a 
saying which comes back to me with 
peculiar force as I stand before you 
today. It was that “ you can have no 
great music unless you have a great 
audience.” 

To anybody who has once been a 
teacher and then been away from the 
work for a good many years, as I have, 
it is not only a profound pleasure but a 
real inspiration to come back . and 
address once more an audience like this. 
It carries me back to the days when I 
was an instructor in the University of 
California, and had just such daily 
contact with the young men growing 
up in that institution. 

Mr. Aldred, as you remember, also 
said: “I have always thought in regard 
to these lectures that they should be 
called lectures on ‘Common Sense in 
Engineering.” That ‘Common Sense 
in Engineering’ does not quite synchro- 
nize, as you say, with the professors’ 
title. They prefer to leave the ‘com- 
mon sense’ out. To them the title 
sounds a little better without that. 
But to me the title means nothing 
unless you retain the ‘common sense’ 
part of it. Because having had a 
great deal of experience involving 
engineering, I have been made to 
realize that the most uncommon thing 
is the ‘common sense’.”’ 

As an ex-college professor I have 
been very glad to accept Mr. Aldred’s 
challenge and give “common sense” 
an explicit place even in the title of 
my remarks. For it is just this ele- 
ment of common sense in the engineer’s 
mental make-up and habits of thought 
and action which in the final analysis 
must determine the all-important ques- 
tion of the mode and degree of applica- 
tion of the results of research to the 
actual operations of industry. 

What, then, do we mean by the 
term “‘common sense” used in this 
specific way, what is its relation to 
the highly technical studies on which 
we spend so much time and why do 


we not have specific courses on common 
sense in our educational institutions? 
The cave man had nothing but his 
common sense to rely upon, i.e., the 
integrated effect of the sum total of his 
experiences both personal and racial, 
as these reacted automatically through 
his mental mechanism without his 
consciously sensing their individual 
contributions to his final judgment or 
action. Ever since then, however, 
man has been busy laboriously isolating 
these individual experiences, multiply- 
ing, analyzing and recording them and 
passing on the result in the form of 
science and technology from generation 
to generation. As fast as facts of 
experience or abstract conceptions are 
isolated and analyzed, common sense 
is relieved of caring for them implicitly, 
for they then come up in regular 


course in the explicit and almost 
mechanical reasoning of science. 

Just as the development of labor 
saving machinery does not abolish the 
need or opportunity for human employ- 
ment, but merely shifts such employ- 
ment to new fields, so that elaboration 
of science and technology merely 
substitutes mental labor saving ma- 
chinery for much of the cruder work 
which common sense formerly had to 
perform, and thus frees it for productive 
activities of an ever higher order, 
including the manipulation and guid- 
ance of this mental labor saving 
machinery itself. 

Thus interpreted common sense, 
originally typified in the cave man, 
represents as we have it today, not 
the dross left after extraction of 
science and technology, but the sub- 

















Figure 2 
CLOSER VIEW OF THE SOUTH OR POWER HOUSE END OF THE WILSON DAM 


The housing for one of the 30,000 horse power turbines is here seen in the lower 
right hand corner 
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limated essence of our mental processes 
which has thus far escaped analysis, 
the dio en machina which must guide 
the otherwise lifeless and purposeless 
array of facts and laws we call science, 
and give interpretation and decision 
on all the multifarious questions of 
human interest which have not yet 
yielded to.cold scientific classification, 
but which still must be met in a 
Een way as they come up in daily 
ife. 

Viewed in this way you can easily 
see why Mr. Aldred and other men 
of achievement should place common 
sense so high in the scale of qualities 
demanded in the engineer. 

The chief engineer of a works or 
project or the executive of a great 
business can readily delegate any part 
of his responsibility which can be 
sufficiently defined to fit completely 
into the definite subject matter of any 
book or course in college, for plenty 
of men can always be found to faith- 
fully and accurately absorb and merely 
reproduce such knowledge. But the 
real test comes in applying such 
knowledge to the mid-ground in be- 
tween subjects where no signposts 
have yet been erected and where 
common sense must take their place. 
Here, and only here, is there opportu- 
nity for real genius to show itself. In 
fact, from the above point of view genius 
in the field of science and technology 
at least is simply the superlative degree 
of common sense. It is the mental 
equipment insuring success in excur- 
sions into the unknown. 

But, on the other hand, we must 
not underestimate the reciprocal rela- 
tion of sound scientific training upon 
the development of the faculty of 
common sense even in its superlative 
degree of genius. Our faculties tend 
to become atrofied if not exercised. A 
new form of exertion makes even the 
vigorous man painfully aware of long 
forgotten muscles, and there is perhaps 
no better or more concentrated oppor- 
tunity for exercising and developing 
the faculty of common sense than in 
the critical and discriminating study 
of contemporary science. 

And here we have our answer as to 
why we do not find courses in common 
sense listed in the college catalogues. 
They are already really there, but 
unobtrusively, for those who have it 
within them to follow, as a golden 
thread through the warp and woof of 
every course worthy of a place in the 
curriculum. The man who is_ so 
absorbed in the mere text of his daily 
lesson that he senses nothing between 
the lines is not likely to distinguish 
himself later through this most elusive 
of attributes, common sense. 

And now to turn more directly to 
practical applications, I shall try today 
simply to give you a little glimpse of 
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ONE OF THE TWELVE CALCIUM CARBIDE FURNACES AT NITRATE PLANT NO. 2 
Each of these furnaces is capable of producing fifty tons of carbide per day 


the relationship, as I see it, between 
the great nitrogen industry as a whole, 
the large scale manufacturing projects 
that our government started during 
the war, and the work that we are 
engaged upon in the Fixed Nitrogen 
Research Laboratory at Washington, 
asking you as we proceed to try to 
visualize how large a part of the great 
problems here presented for solution 
transcend the merely .technical details 
and land squarely in the domain of 
common sense. The relation of re- 
search to the problems of actual 
manufacture happen to be especially 
well illustrated and emphasized in this 
particular subject because of the 
conditions of the war emergency that 
caused the building of the great 
nitrate plants in the south, coupled 
with the changes brought about by 
the cessation of hostilities and the 
consequent need for readjusting to 
peace time conditions these tremendous 
undertakings originally rushed through 
in record time to meet imperative war 
demands. 

The public has come to think of 
nitrogen fixation as necessarily imply- 
ing water power. But this assumption 
we must first examine with care. 
Electric energy has a relatively high 
market value compared with other 
forms, due to its ease of transmission 
and its ready and complete conver- 
tibility at will into any of these other 
forms of energy. Thus in the pioneer- 
ing of new chemical fields its very 
flexibility makes it an invaluable tool, 
as, through its aid, we can place the 
energy just where we want it, but the 
energy so placed is always relatively 
expensive per unit because the demand 


for such handy energy is on the whole 
always growing faster than the supply. 

Common sense dictates therefore that 
we be ever on the alert to substitute 
cheaper and less specialized forms of 
energy wherever this may be done 
to advantage, thus cheapening the 
operation and releasing that much 
electric energy for other uses. This is 
particularly important where large 
blocks of power are concerned and 
nitrogen fixation, as we shall see, is a 
notable case in point. 

The first commercially successful 
attempt to fix nitrogen was by the 
arc process some twenty years ago. 
This was quite naturally the first 
process to develop because of its 
simplicity, consisting as it does essen- 
tially in passing air through a powerful 
electric arc to bring about combination 
of the oxygen and nitrogen to form 
oxides of nitrogen, and then absorbing 
these in water to form nitric acid or in 
alkalies to form nitrates and nitrites. 

The process, though extremely 
simple, has an enormous power con- 
sumption (about 65,000 kw. hr. per 
ton of nitrogen fixed) and consequently 
is only applicable where excessively 
cheap electric power is available. 
Thus the public came naturally, and 
correctly enough in those early days, to 
think of nitrogen fixation as necessarily 
dependent upon the development of 
large new water power projects. In 
the meantime research and develop- 
ment have vastly altered the situation, 
but the public mind has not kept pace 
with these changes, and this has 
naturally been reflected by those 
responsible for guiding our industrial 
and national policies. 
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The farmer, the business man and 
the legislator cannot be expected to 
delve deeply into the technique of 
these scientific processes. It is there- 
fore highly important that the scientist 
and the engineer realize their responsi- 
bility to interpret and broadcast the 
essential results, 7.e. the common sense 
of the situation in language that can 
be understood by all and form a sound 
basis for public opinion. 

On the heels of the arc came the 
cyanamide process. This, though con- 
siderably more complicated than the 
are process, required only about one- 
fourth as much electrical energy for 
its operation, but even here the power 
consumption is still so large that 
commercial success has only been 
possible where very cheap power was 
available. 

Finally, however, in 1913 in Ger- 
many came the first commercially 
successful Haber-Bosch plant for the 
direct synthesis of ammonia from its 
elements, hydrogen and nitrogen. It 
was this plant and process which for 
the first time released the nitrogen 
fixation industry from its former 
absolute dependence upon cheap elec- 
tric power. The power requirements 
of this process are only about one- 
fourth of those of the cyanamide, or a 
sixteenth of those of the arc, the hydro- 
gen and nitrogen mixture being pre- 
pared by the reactions of air and steam 
on coke in suitable gas producers, 
followed by catalyzing chambers and 
purifying apparatus. The power re- 
quirements of the process are chiefly 
for compressing the gases, thus pre- 
pared to pressures of several hundred 
atmospheres under which pressures the 
catalysis to ammonia is then effected. 

Thus starting with the arc process, 
which we may roughly say used only 
electric power, air and water, we come 
next to the cyanamide process largely 
cutting down the power consumption, 
but beginning to use more raw materials 
in the form of coal, coke and limestone, 
and finally reach the direct synthetic 
ammonia process where the consump- 
tion of electrical or mechanical energy, 
as such, becomes relatively insignifi- 
cant, and the driving energy to put 
through the chain of necessary reac- 
tions is derived direct from coal by 
chemical processes without the neces- 
sary use of electrical power. 

There is, to be sure, an alternative 
form of the direct ammonia process by 
which we may get our hydrogen from 
water by electrolysis of the latter 
instead of treating with coke in a 
water gas generator, and for small 
plants, where the electrolytic hydrogen 
may already be available as a by- 
product of some other useful operation, 
this process presents some very attrac- 
tive possibilities. It may also be used 
on the large scale where sufficiently 
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cheap electric power is available. When 
operated in this way the process re- 
quires about twenty per cent more 
power than the cyanamide process 
instead of seventy-five per cent less 
as when chemical methods are used 
in the production of the hydrogen. 
This circumstance has still further 
served to confuse the public mind on 
some of the issues involved at Muscle 
Shoals. 

To summarize this latter situation 
briefly, at the outbreak of the war 
the United States found itself without 
adequate provision for an emergency 
supply of fixed nitrogen within its own 
borders and incidentally far behind 
Germany and some other European 
countries in the development of nitro- 
gen fixation as an element in the 
national agricultural policy. Under 
the sudden urge of military necessity, 
but supported almost equally by that 
portion of public sentiment resting on 
the permanent economic issue in- 
volved, Congress included in the 
National Defence Act of June 3, 1916: 
‘Section 124 — Nitrate Supply — The 
President of the United States is 
hereby authorized and empowered to 
make or cause to be made such investi- 
gations as in his judgment are necessary 
to determine the best, cheapest and 
most available means for the production 
of nitrates and other products for 
munitions of war and useful in the 
manufacture of fertilizers and other 
useful products by water power or 
any other power. The sum of twenty 
million dollars is hereby appropriated 
out of moneys in the Treasury not 
otherwise appropriated, available until 
expended, to enable the President of 
the United States to carry out the 
purposes herein provided for.” 
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A careful survey of the situation by 
the “‘ Nitrate Supply Committee” soon 
narrowed the immediate question of 
nitrate preparedness down to a choice 
between the cyanamide and the direct 
synthetic ammonia processes. It was 
clearly realized even at this time that 
from an economic standpoint at least 
as far as new plants were concerned, 
the cyanamide process had probably 
become obsolete due to the success of 
the Haber plant at Oppau, Germany, 
which started up in 1913, with an 
annual production of seven thousand 
metric tons of nitrogen, and had since 
been increased to one hundred thousand 
tons per year, while a second plant of 
twice that size had alre: ady been com- 


menced at Merserberg, Germany . On 
the other hand, while we had full 
knowledge and experience in_ this 


country regarding the construction 
and operation of the cyanamide proc- 
ess, such knowledge and experience, 
especially with regard to large scale 
operation, was almost wholly lacking 
on the direct synthetic ammonia 
process, which was also known to be 
far more delicate and difficult of control 
than the cyanamide. 

Opinions among experts differed as 
to which type of plant should be built. 
They might be in essential agreement 
upon the technical data available, but 
the application of this to the decision 
confronting them had, after all, in the 
last analysis to depend chiefly on what 
we have defined above as common 
sense. 

In July, 1917, the argument of 
ultimate intrinsic efficiency seeming to 
have prevailed, decision was made to 
proceed with the erection of a direct 
synthetic ammonia plant having an 
annual capacity of about seven thousand 
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tons of fixed nitrogen, but the site 
for the same at Sheffield, near Muscle 
Shoals, was not selected by the Presi- 
dent until September 28, and the 
first building material arrived October 
19. In the meantime the Army 
Ordnance Department in proceeding 
with the plans had made a careful 
study of the laboratory and small test 
scale work thus far done in this 
country on the synthetic ammonia 
process, and started the procurement 
of materials and equipment for the 
plant, and to quote its words:* 

“This study disclosed that while 
the process had great possibilities it 
would be necessary, in planning for 
additional nitrogen plants, to refrain 
from installing further plants on this 
process because the Ordnance Depart- 
ment could not feel assured of cer- 
tainty of production within the time 
required. This uncertainty arose 
partly upon the difficulty of procure- 
ment of apparatus and partly upon 
lack of definite record operating data, 
upon which the department could base 
justification of its relying on the 
process.” ... 

*“When, therefore, in October, 1917, 
the Ordnance Department was con- 
fronted with the very large deficiency 
of supply of explosives and of materials 
for explosives, below the estimated 
requirements, and the Gun Division 
of the Ordnance Office, on October 24, 
1917, notified the Nitrate Division of 
the urgent need of a further supply of 
ammonia, the Nitrate Division pro- 
posed to help by using the American 
Cyanamide Company to produce the 
high explosive, ammonium nitrate, 
without requiring either ammonia from 
any outside source or sodium nitrate 
from the only possible source, Chile.” 

Out of this came the contract, dated 
November 16, 1917, under which the 
American Cyanamide Company, 
through the Air Nitrates Corporation, 
a subsidary organized for the purpose, 
constructed and put into operation 
Nitrate Plant No. 2 at Muscle Shoals, 
having an annual capacity of 40,000 
tons of fixed nitrogen. This plant was 
completed and started operations a 
few days before the signing of the 


armistice. Later, thorough test runs 
were made netting 2,200 tons of 
cyanamide, besides 1,700 tons of 


finished ammonium nitrate, and démon- 
strating the complete availability of 
the plant for emergency production 
whenever needed. It would appear, 
however, to have less direct significance 
with regard to cheapening of fertilizer 
manufacture, as figures of its costs of 


_ *Note. Pages 269, 275 and 276 “Report on the 
Fixation and Utilization of Nitrogen,” prepared by the 
Nitrate Division, Ordnance Office, War Department, as- 
sisted by the Fixed Nitrogen Research Labora'ory, De- 
porter of Agriculture, Document No. 2041, Washington, 

C., 1922.  (Obtainable through Superintendent of 
Documents, Government Printing Office, Washington, 


D. C. for 50 cents.) 
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production even if run to capacity, 
representing about one-fifth of present 
total United States consumption, leave 
it little if any margin over present 
prices. 

The outcome of Nitrate Plant No. 1 
at Sheffield, justified the Ordnance 
Department’s fears of its uncertainty 
of regular production on schedule. 
To be sure, the first synthetic ammonia 
was turned out on September 16, 1918, 
but many operating difficulties were 
met with and a very considerable 
redesign of the plant and process were 
shown to be necessary, though it is 
now generally recognized by practically 
all familiar with the subject, that it 
is in this very direction that lower 
costs of nitrogen fixation are coming. 

Once more to turn to a test by 
common sense, what have we really 
got as assets and liabilities from a 
national point of view at Muscle 
Shoals and what can we do with 
them? 

First of all there is the potential 
water power and the No. 2 or Wilson 
Dam now under construction which is 
to harness it, as shown in Fig. 1. 
taken last October. This will repre- 
sent when finished, in about a year 
from next July, some $50,000,000 in- 
vestment, and will be the largest single 
block of concrete work in the world. 
In this view we are looking upstream. 
The power house which is an integral 
part of the structure of the dam is on 
the right, while the locks and other 
navigation facilities are on the ex- 
treme left. On the hill above these 
can be seen the construction camp, 
equipped to maintain 5,000 workmen. 
The dam will raise the water 93 feet, 
completely immersing the islands be- 
hind the dam and will back up the 
water for 18 miles, forming a pool 





57 


three-quarters of a mile in average 
width. 

Figure 2 is a closer view of the south 
or power house end of the dam, 
taken at about the same time, and 
gives some idea of the magnitude of 
the work. The housing for one of the 
30,000 h. p. turbines is here seen in the 
lower right hand corner. Four of these, 
and four 35,000 h. p. units will form 
the initial installation with provision 
ultimately for ten more of the larger 
units, or a grand total in round 
numbers of 600,000 h.p. With the 
present unrestricted flow of the river 
in its upper reaches there will be about 
90,000 h.p. of primary or all year power 
available on completion of the dam, 
the remainder of the 260,000 h.p. of 
the initial turbines cannot be counted 
on every year throughout the whole 
year, 7.¢., it is what is termed secondary 
power. With the gradual develop- 
ment of other power plants and control 
dams on the upper reaches of the 
Tennessee River, and its tributaries, 
the total flow of the river will, of 
course, become more uniform and thus 
more and more of the secondary power 
at Dam No. 2 will become primary. 

The Government also owns a steam 
power plant adjacent to the dam at 
Nitrate Plant No. 2 with a capacity 
of 60,000 kw. already installed and 
provision for extensions. This, of 
course, can be used to pick up the load 
in season of low water and thus also 
convert secondary into primary power. 

Nitrate Plant No. 2 (Cyanamide) 
if run to its full capacity of 40,000 
tons of fixed nitrogen per year requires 
approximately 75,000 kw. of electric 
energy, about 90 per cent of which is 
consumed in the calcium carbide 
furnaces, one out of the twelve of 
which is seen in Fig. 3. Ten of these 





Figure 5 
FOUR ROWS OF OVENS USED IN THE CYANAMIDE PROCESS FOR FIXING NITROGEN 


These constitute only a quarter of the whole plant, there being 1,536 in all, each 
good for half a ton of cyanamide per day 
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are sufficient for normal operation, 
leaving two spares. Each is capable 
of producing 50 tons of carbide per 
day and the plant as a whole is the 
largest carbide installation in the 
world. 

Figure 4 shows the line of air com- 
pressors and to the right of them the 
air liquefying and distilling columns 
furnishing the pure nitrogen which is 
combined with the ground calcium car- 
bide in the ovens shown in Fig. 5. The 
four rows of ovens seen in this picture 
constitute only a quarter of the whole 
plant, there being 1,536 in all, each 
good for half a ton of cyanamide per 
day. The reaction is started by an 
electrically heated carbon rod in the 
center of the oven. The current is 
then turned off and the reaction pro- 
ceeds to completion on the heat it 
develops in from 24 to 40 hours. 

During the reaction the material 
sinters into a solid ingot, which is next 
crushed to a fine powder and hydrated 
with water sprays to destroy any 
unaltered carbide. If it is to be used 
direct as fertilizer oil, as well as water, 
sprays are used to reduce the dustiness 
of the product. Plant No. 2 was 
designed, however, to convert the 


whole of its cyanamide into ammonia. . 


This is done in the 56 autoclaves whose 
tops are seen in Fig. 6. These are 21 
feet high, 6 feet in diameter and have a 
wall thickness of one and one-fourth 
inches, being built to operate at a 
pressure of 300 pounds per square inch. 
In these the cyanamide reacts with 
water to form ammonia and calcium 
carbonate. For fertilizer purposes this 
ammonia would normally be neutralized 
with sulfuric acid to give the ammo- 
nium sulfate of commerce, but for 
war time uses at least a large part of 
it was wanted as nitric acid, so it was 
mixed with air and passed through 
electrically heated platinum wire gauze 
stretched horizontally across the alu- 
minum boxes shown in Fig. 7. The 
oxides of nitrogen thus formed were 
finally absorbed in water trickling 
down in immense vertical towers to 
form nitric acid. The two rows each 
of twenty-nine oxidizers seen in Fig. 7 
are only one twelfth of the total 
number at Plant No. 2, each oxidizer 
requiring five and two tenths ounces of 
platinum wire mesh. 

This gives you some idea of the 
type and magnitude of the cyanamide 
plant, which, as a whole, including 
the steam power plant and the 
village for housing the employees, 
cost the Government approximately 
$66,500,000. 

Nitrate Plant No. 1, located at 
Sheffield, three miles from No. 2 and 
embodying the Direct Synthetic Am- 
monia Process, was designed for only 
one-fifth the capacity of No. 2, and of 
this capacity only about one quarter 
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Figure 6 


THE 


TOPS OF THE FIFTY-SIX AUTOCLAVES AT NITRATE PLANT NO. 2 


In these the cyanamide reacts with water to form ammonia and calcium carbonate 


was completed to a point where tests 
could be run on it before work was 
finally discontinued after the armistice. 
Figure 8 is a glimpse of one corner 
of the “Process Building” in this 
plant and gives some idea of the 
complexity of design. Up to this time 
about $13,000,000 had been spent on 
this project, as a whole, including the 
industrial village, the steam power 
plant, and the oxidation plant for 
turning the ammonia into nitric acid, 
but in the final report of the Ordnance 
Department it is stated that “the total 
cost chargeable to the manufacture of 
ammonia at United States Nitrate 
Plant No. 1 would have been approxi- 
mately $8,000,000 to complete the 
plant in a most substantial manner to 
a capacity of 11,000 tons of ammonia 
per year. This figure represents an 
estimate of the cost under emergency 
conditions and may be reduced to 
almost half of that amount to rep- 
resent pre-war costs. Thus the pre- 
war cost per annual ton of ammonia 
in this country would have been about 
$400.’ Subsequent developments 
have still further reduced these con- 
struction costs in so far as new plants 
are concerned. Just how much of the 
present Plant No. 1 equipment it 
would pay to remodel and use, should 
it be determined to build a direct 
synthetic ammonia plant at Muscle 
Shoals, is problematical. 

For convenience of discussion, we 
may divide the plant into the equip- 
ment for producing the elementary 
gas mixture of nitrogen and hydrogen 
and that concerned with bringing about 


the chemical combination of these gases. 
This latter part, including the high 
pressure gas compressors, final gas 
purification, catalytic bombs, ammonia 
removal system and gas recirculating 
pumps, is very nearly the same no 
matter how the elementary gas mixture 
is obtained. In the larger plants, at 
least, it is believed that it should now 
be possible to keep the construction 
cost of this part well within $100 per 
annual ton of nitrogen fixed. If the 
gases are to be generated by electrolysis 
of water the electrolytic cells and 
accessories, including housing and 
gasometers, would cost about as much 
more, making the total present cost 
of such a plant about half of the pre- 
war cost for the Sheffield plant as 
above estimated by the Ordnance 
Department. If instead of using elec- 
trolytic hydrogen, gas producers were 
installed, the cost per annual ton 
might be increased by between $50 
and $100, depending very largely on 
the size of the plant. In electrolytic 
plants the unit cost decreases much 
more slowly with increase in size of 
plant than in gas producer plants. It 
also seems probable that there is a 
larger margin still left for cutting costs 
in the producer system than in the 
electrolytic as regards both installation 
and, more particularly, operation. 
Some sixty per cent of the cost of 
nitrogen fixation by the synthetic 
ammonia process is in the cost of the 
pure hydrogen required by the process, 
and this undoubtedly represents the 
part of the process where the greates! 
future economies are to be looked for. 
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In producing the hydrogen for fixing 
one ton of nitrogen the one system 
consumes approximately 13,500 kw. 
hrs. of electrical energy and the other 
two and a half tons of coke and seven 
tons of steam, but the other supplies, 
labor and up-keep, would probably be 
somewhat higher in the gas producer 
system. If merely as a rough guide 
we compare the cost of electrical energy 
with that of coke and steam, taking 
these latter at six dollars and eighty- 
five cents per ton respectively which 
represented conditions at Sheffield, this 
would be equivalent to electrical energy 
at one and one half mills per kw. hr. 
A figure of two mills per kw. hr. has 
been practically the bottom rate dis- 
cussed for primary power at Muscle 
Shoals, and this is far lower than any- 
where else obtainable in this country. 

As I have just warned you, the above 
must not be taken as a strict compari- 
son of total costs by the two processes, 
but should at least serve to make us 
temper, with some hard common sense, 
our views on the probable relation of 
nitrogen fixation to hydroelectric power 
in the years to come. We should 
remember that what finally determines 
the real value of electric power at any 
given point is the demand and the 
possibility of supply from other sources. 
In this regard the map of the Southern 
Super-power System shown in Fig. 9 
is highly suggestive. From it you will 
note that Muscle Shoals is on the 
extreme Western edge of the, as yet, 
undeveloped high tension power net of 
the Southeast (indicated by heavy solid 
line) and how strategic a position it 
thus holds in’ relation to proposed 
future power distribution including 
the Mississippi Valley itself (indicated 
by broken lines). With this potential 
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Figure 7 
ALUMINUM BOXES IN WHICH THE AMMONIA IS MIXED WITH AIR TO FORM 
NITRIC ACID 


The reaction is catalyzed by electrically heated platinum wire gauze stretched 
horizontally across the aluminum boxes 


demand for power for the rapidly 
developing public utilities and indus- 
tries of this section, common sense 
warns us to be cautious how we come 
to think in terms of long periods of 
tying up a particular form of energy 
to a particular branch of manufacture. 
It is only by a relatively free play of 
competitive factors, both technical and 
economic, that we can hope to see our 
industries struggle healthily forward 
to their fullest and most economic 
development. , 

It may be, for example, that with 
outlets and prices for electric power 
existing at the time of completion of 
the Wilson Dam, that nitrogen can be 
fixed with the aid of electric power 





Figure 8 
ONE CORNER OF THE “PROCESS BUILDING” OF NITRATE PLANT NO. 2 





cheaper than by the use of coke and 
coal, but the inevitable drift of eco- 
nomic and technical development will 
be away from this situation and before 
we postulate our whole plan of action 
on such a situation we should carefully 
consider its probable duration, and 
the necessary readjustments which 
changing conditions will later, almost 
certainly, make desirable. 

The situation here presented is in 
fact typical of most electrochemical 
industries. They present excellent 
loads on which to start off a new 
hydroelectric project especially in an 
isolated district far from diversified 
power markets, but as these power 
markets build up around the power 
plant, as they inevitably will, largely 
from the stimulation of the power 
itself, it is usually to the public interest 
that the power should be released to 
these more intensive and diversified 
uses. The best proof of this being in the 
public interest is the fact that these 
uses can afford to pay a higher price 
in the open competitive market, which 
after all, is the public’s own and 
automatic way of expressing its judg- 
ment of relative values. As_ these 
heavy chemical or metallurgical indus- 
tries are displaced, they must either 
move on to new and more isolated 
water powers or, as in the present case, 
what is much better, find new ways 
of accomplishing the old results which 
do not demand tying up so much 
electric power. 

There is also one more source of 
hydrogen already mentioned whose 
importance in determining the form 
which the fixed nitrogen industry will 
eventually takemust not beoverlooked. 
This is the extraction of hydrogen 
from the gases of by-product coke 
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ovens. There is enough free hydrogen 
in the coke oven gases of this country 
to fix over fifty times the country’s 
present consumption of nitrogen in all 
commercial fertilizers. There are, for 
example, more than a dozen single coke 
oven installations from the gases of any 
one of which enough hydrogen could be 
extracted to fix the forty thousand 
tons of nitrogen, representing the 
present capacity of Plant No. 2 at 
Muscle Shoals. This hydrogen can be 
separated from the coke oven gases 
by liquefaction and distillation much 
as gaseous nitrogen is separated from 
the air, at Plant No. 2 (see Fig. 4 
above). This whole field of low tem- 
perature gas liquefaction and separa- 
tion presents wonderful economic possi- 
bilities, which engineers are just 
beginning to realize and its further 
development is bound to be of tre- 
mendous importance in a number of 
applications to the nitrogen industry. 

This happens to be one of the cases 
where we have had a large scale 
development spend a great deal of 
money getting it started, and then had 
to suspend operations and go back 
into the Laboratory to work up the 
next steps on which to build further. 
We may with advantage therefore, 
turn at this point from the plants at 
Muscle Shoals to the work of the 
Fixed Nitrogen Research Laboratory 
at Washington. This was established 
by the Secretary of War in March, 1919, 
and was intended primarily to carry 
on various lines of research commenced 
in connection with the Muscle Shoals 
projects and particularly to study 
possible improvements in these plants 
and their adaptation to peace time 
purposes. 

The quarters and equipment, for- 
merly belonging to the Chemical 
Warfare Service at the American 








Figure 10 
A TYPICAL SET-UP FOR WORK ON THE 
ALUMINUM NITRIDE OR SERPEK 
PROCESS 
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Figure 9 
MAP OF THE SOUTHERN SUPER-POWER ZONE AND PROPOSED 
SYSTEM OF DEVELOPMENT 
This shows the strategic position of Muscle Shoals in relation to the future power distribution 


University in the suburbs of Washing- 
ton, were turned over to the new 
Laboratory. On July 1, 1921, the 
Laboratory was transferred by execu- 
tive order of the President from the 
War Department to the Department 
of Agriculture, thus further emphasiz- 
ing the fertilizer and other peace 
time aspects of the subject. It has 
at present a staff of approximately 
seventy-five, about half of whom are 
chemists, physicists and _ engineers. 
Its annual expenditures are something 
over two hundred thousand dollars. 

The first major problem confronting 
the Laboratory upon its establishment 
was naturally to determine what recom- 
mendation should be made with regard 
to Plants No. 1 and No. 2 respectively, 
in case it was decided to put either or 
both into operation under either gov- 
ernment or private auspices. 

As Plant No. 2 was in thorough 
operating condition, and the chances 
for any radical improvements in the 
process or equipment seemed extreme- 
ly doubtful, the chief effort as regards 
this plant was directed toward better 
methods of utilizing its products. 
With power at two mills per kw. hr. 
it was estimated that this plant if 
run at full capacity could make 
cyanamide at a cost of nine cents per 
pound of nitrogen fixed, which is 
decidedly below current prices of 
nitrogen in other forms, but unfor- 
tunately cyanamide can only be used 
in very limited quantities in our pres- 
ent fertilizer practice because, when 
mixed in larger proportions with 
superphosphate, which is the backbone 
of the present fertilizer industry, it 
not only causes reversion of part of the 
phosphate to insoluble forms, but is 





itself also converted partly into di” 
cyanodiamide which has, when pres- 
ent in sufficient quantity, distinctly 
toxic action on plant growth. On 
the other hand, if the cyanamide must 
be converted into ammonium sulfate 
little if any margin of saving would be 
left as compared with present prices. 
This leaves two lines of approach; 
first new outlets for cyanamide itself, 
and second new and cheaper methods 
of converting it into other products. 
which can be used freely in our general 
fertilizer practice. Under the direc- 
tion of Dr. Joseph M. Braham, 
Chief of the Chemical Division, progress 
is being made along both of these lines. 
He does not expect this, however, 
to threaten the growing supremacy of 
the direct synthetic ammonia _proc- 
ess where new plants are concerned. 
The most promising new outlet for 
cyanamide seems to be in mixtures 
with basic slag or “calcined” phos- 
phate, especially for use on certain 
crops like corn, which seem especially 
well able to utilize such mixtures. 
The conversion to other compounds is 
perhaps best illustrated by urea, in 
whose preparation from cyanamide con- 
siderable progress lately has been made. 
But with the cyanamide nitrogen itself 
at the nine cent level to start with the 
possible margin for further economic 
conversions is, of course, limited and 
as we shall see later, the chances for 
getting nitrogen fixed at considerably 
less than nine cents through the direc! 
synthetic ammonia process are now so 
good that a permanent resuscitation 
of the cyanamide process for fertilizer 
purposes seems practically out of th: 
question. 
It is interesting to note, however, 
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in this regard that cyanamide may 
one of these days very well furnish 
the starting point for a whole new 
series of important nitrogencompounds, 
just as coal tar did for the dye and 
medical field, but even so the tonnage 
of coal tar derivatives is insignificant 
compared with that of fertilizers and 
a very few of the now existing cyana- 
mide plants would probably suffice to 
supply all the raw material which 
it is easy to imagine such an industry 
consuming. 

If, however, in considering Plant 
No. 2 we do not limit ourselves to the 
cyanamide process, then greater pos- 
sibilities may eventually unfold. The 








Figure 11 


EQUIPMENT FOR STUDYING THE CHEMICAL 
REACTIONS OF “ACTIVE NITROGEN” 


equipment for the cyanamide process 
is largely typical of what has generally 
been proposed for fixing nitrogen 
through many of its other compounds 
with both metals and metaloids. 
While many such processes have been 
not only suggested but patented, none of 
them have as yet proved commercially 
practicable for fertilizer production. 
However, there seems no fundamental 
reason why some such process may 
not yet appear and successfully contend 
for the field with those now dominating 
it. 

Perhaps the best case for purposes 
of illustration of this sort of thing is 
the aluminum nitride or Serpek proc- 
ess in its various forms, especially 
in those where it has been proposed 
to make the procedure fol- 
lowed serve the double purpose 
of fixing nitrogen as ammonia 
and securing a pure alumina 
from crude or even low grade 
bauxite. 

Work of this character with 
regard to various metallic and 
nonmetallic nitrides, cyanides, 
and similar compounds has 
been conducted at the Labora- 
tory from time to time as new 
clues or promising suggestions 
developed. Figure 10 shows a 
typical set-up for such work. 
In this particular case it had 
to do with determining the 
mechanism of the reaction by 
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which alkali cyanides are formed, when 
carbonate of soda or potash is heated 
with carbon and a little iron in a 
current of nitrogen. This reaction 
has been known for many years and 
came into prominence during the war 
under the name of the Bucker Process. 
The government erected an experi- 
mental plant based on it at Saltville, 
Virginia, which was dismantled after 
the war. The process has since been 
developed by private capital and is in 
commercial operation in California 
for the production of hydrocyanic 
acid used in fumigating orange and 
other fruit trees. 

While cyanides can be hydrolized 
with steam in much the same manner 
as cyanamide to produce ammonia, 
the cost of making fertilizer by this 
route is at present too high to compete 
with other methods. It has long been 
known, however, that cyanides are 
formed in the lower portion of the 
iron blast furnace, where they are 
vaporized and carried up with ascend- 
ing gases only to be reoxidized with 
liberation of their nitrogen in the 
upper part of the furnace. It has been 
proposed to tap off a part of the gases 
from the bosh and collect these 
cyanides, but we need much more 
complete and accurate information 
before even a fairly good guess can be 
hazarded, as to the economic possibili- 
ties of such a process, especially if 
ammonia for fertilizer is its ultimate 
aim. The Laboratory is at present 
codperating with the Bureau of Mines 
and one of the iron companies of the 
South, in a rather comprehensive series 
of experiments at one of the latter’s 
blast furnaces. If such a method of 
fixing nitrogen should prove practical 
it might have a very important in- 
fluence on the whole industry. 

Another interesting line of investiga- 
tion going on at present in the Labora- 
tory, under the direction of Dr. 
Sebastian Karrer, Chief of the Physics 


‘ Division, is what might be called the 


dissection of the are as used in the old 
arc process. In an are we have, of 
course, the possibility of at least three 
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kinds of phenomena all going on at 
the same time; viz., thermal electrical 


and photochemical. The practical re- 
sults as regards nitrogen fixation which 
we get from the arc can fairly well be 
explained on a purely thermal basis, 
i.e., as due merely to the heating 
effect. of the current followed by 
sudden chilling, but this by no means 
proves the absence of specifically 
photochemical and electrical phenom- 
ena, which might be of the greatest 
importance if they were not masked 
by the thermal effect. 

One thing we are trying to do is to 
isolate these three types of phenomena 
and study them separately, especially 





Figure 12 


ONE CORNER OF THE LABORATORY DEVOTED 
TO WORK ON CATALYSTS 


the electrical and photochemical. Fig. 
11 shows a part of this work under way. 
It is equipment for studying the 
chemical reactions of so-called “active 
nitrogen”’ discovered some twenty 
years ago by E. P. Lewis in Berkeley, 
California, and later studied in con- 
siderable detail by R. J. Strutt in 
Cambridge, England. Nitrogen is 
drawn from the steel pressure cylinder 
on the extreme left through the appa- 
ratus by the vacuum pump at the 
lower right hand corner. On its way 
it passes through a train of purifiers 
including coils cooled in liquid air, 
pressure and flow regulating valves, 
flow meters, and a discharge tube in 
which an alternating electric discharge 
is taking place, usually at about a 
thirtieth of an atmosphere. 
Thence it passes out through 











Figure 13 
CONCENTRATION OF AMMONIA IN EQUILIBRIUM WITH ONE-TO-THREE 
MIXTURE OF NITROGEN AND HYDROGEN 





the long horizontal glass tube 
into the glass globe of a liter 
capacity and on_ through 
another bath of liquid air to 
the pump. Provision is also 
made to bring into the globe 
other gases, either in their 
normal condition or after simi- 
lar passage through a separate 
discharge. The most striking 
characteristic of the active 
nitrogen is the intense yellow 
glow it gives off for the better 
part of a second after leaving 
the discharge tube or after 
interrupting the discharge. It 
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also reacts energetically with many 
substances toward which ordinary 
nitrogen is wholly inert, but the bulb, 
though filled continuously with the 
giowing gas, remains essentially at 
room temperature, thus showing that 
we have succeeded in leaving at least 
the great part of our thermal phenom- 
ena behind and can now address our- 
selves to the task of further analyzing 
what is left. This latter work is 
already well under way from both a 
chemical and physical standpoint, 
and runs into much more difficult and 
complicated equipment than that here 
pictured. But this initial step better 
serves my present purpose, which is 
merely to illustrate how the complicated 
phenomena met with in actual works 
practice must be dissected when taken 
into the Laboratory. 





Figure 14 
APPARATUS USED TO MEASURE CATALYST 
PERFORMANCE AT 1500 ATMOSPHERES 


If time and your patience permitted 
I might tell you of a host of other odd 
nooks and corners of this fascinating 
subject into which our work has 
taken us, such as the study of the 
chemical processes of the nitrogen 
fixing bacteria, the oxidation of nitro- 
gen which may go on under proper 
conditions in the cylinder of an internal 
combustion engine, and its possible 
significance for the future. But all 
these, though interesting, and some of 
them,.at least we hope, leading on to- 
ward practical applications, are still 
a good ways removed from present 
practice. 

So let us turn to the work of the 
Laboratory in the field of the Direct 
Synthetic Ammonia Process, as _ it 
seemsthere that immediate commercial 
development is most justified and the 
Laboratory is prepared to present a 
definite program with detailed plan 
for such work. 

On closing down the work at Plant 
No. 1 after the war, it was generally 
felt that both the engineering and 
the chemical features of the project 
needed thorough overhauling, and work 
was accordingly started on both these 
lines. The first had to do with a 
sufficient redesign of the physical 
equipment to overcome the mechanical 
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difficulties already encountered. The 
other consisted of an intensive labora- 
tory study of the process itself, with 
special regard at the outset to deter- 
mine the best ammonia catalyst and 
satisfactory methods of preparing it, 
as this had been one of the more out- 
standing troubles from the chemical 
side. 

The engineering redesign of the 
plant stretched over about two years, 
being completed in the fall of 1921. 
It was estimated that to carry it 
out for one unit representing a quarter 
of the full capacity of the plant would 
cost about one million dollars. This 
did not contemplate any very radical 
changes in the process as such, nor 
the employing of any higher pressures 
than the one hundred atmospheres 
forming the upper limit for which 
the plant was originally designed. 

On the chemical side the heart of 
the process is naturally the ammonia 
catalyst. The phenomena which here 
take place are the most sensitive to 
the effect of impurities as well as the 
most obscure in their mechanism. The 
discovery and selection of catalysts 
had from the first to depend essentially 
upon empirically testing out each 
substance, be this an element, a com- 
pound or a mixture. The periodical 
and patent literature mentions some 
twenty-five metals as capable of accel- 
erating the NH; reaction. Of these, 
Haber’s pre-war publications stressed 
osmium and uranium as the best known 
catalysts for this reaction, and com- 
pared other substances to these as 
standards. There was, however, in 
the pre-war literature little by way of 
useful suggestions in the selection of 
a practical catalyst. 

The large scale plans and efforts at 
Plant No. 1, up to the time of its shut- 
down after the war, were wholly based 
on the use of sodium amide as the 
catalyst, supported on an argilacious 
base. Its great disadvantage lay in 
its extreme sensitiveness to the least 
traces of moisture and other impurities 
in the gases, and in its gradual action 
on the supporting base. The ex- 
perience with it emphasized the need 
of a catalyst which would not be 
destroyed by traces of moisture and 
other gaseous impurities. From this 
point of view, metals whose oxides 
were readily reducible in hydrogen 
offered the most promise. Many of 
these were investigated during the 
war in British, French and American 
laboratories, the results, however, were 
not very promising. Probably the 
best combination found by _ these 
laboratories consisted of a mixture of 
equal parts of iron and molybdenum. 

When the Fixed Nitrogen Research 
Laboratory took up this work after 
the war, further investigation of the 
Iron-Molybdenum type of catalyst was 
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made. At the same time considerable 
attention was given to the action of 
pure iron. A method for preparing 
highly porous, and at the same time, 
hard and coherent granules of iron 
oxide had been developed during the 
war by the Research Division of the 
Chemical Warfare Service. Prelimi- 
nary experiments gave very promising 
results for iron made by the reduction 
of an oxide prepared in this manner. 
Up to the close of the war, very 
little work had been done outside of 
Germany on the activation of catalyt- 
ically active metals by the admixture 
of relatively small percentages of 
apparently inactive materials. It was 
generally known that the action of 
‘atalysts was modified by admixture 
of other materials. The German patent 
literature had suggested numerous 

















Figure 15 
LABORATORY WORK ON THE PRODUCTION OF 
HYDROGEN FROM COAL OR COKE AND 
WATER VAPOR 


substances, designated as “promoters,” 
which it was claimed could advanta- 
geously be added to catalytic metals 
such as manganese, cerium, Osmium, 
cobalt and iron. There was nothing in 
the literature, however, to indicate 
which catalyst was the best and which 


promoter would give the highest 
activation. Since iron had given us 


such promising results it was natural 
that our study of promoter action 
was begun on that metal. Our experi- 
ments soon showed that the indis- 
criminate selection of any one, or 
more, of the promoters which had 
been suggested in the literature did 
not give good results. We found that 
the best results were obtained when 
two promoters were added to the iron. 
One of these was always strongly basic 
in character, while the other was 
markedly more acidic. Thus, for 
example, when a basic oxide such as 
potassium or caesium oxide and a 
more acidic oxide, such as aluminum 
oxide or zirconium oxide were added 
to the iron, excellent results were 
obtained. 

It must not be thought, however, 
that the problem of ammonia catalysts 
had been solved when a _ successful 

(Continued on pa ge 72) 
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THE PATENT SYSTEM IN RELATION TO 
ENGINEERING AND INDUSTRY 


T's patent system of the United 


States is based upon a constitu- 

tional provision, adopted with 
the rest of the Constitution, to the 
effect that Congress shall have the 
power, for the purpose of promoting 
the progress of the useful arts, to give 
to inventors a control of their inven- 
tions for a reasonable time. That is 
all; but, few as are the words, the 
substance of that statement is of 
tremendous importance and_ that 
clause of the Constitution, like so 
many others, illustrates to a marked 
degree the far-sighted intelligence and 
wisdom of the men who gave us that 
wonderful document. 

Prior to that time there had been 
but one well developed patent system. 
That was the English system, which 
came into existence in rather a curious 
way. During the times of the Tudors 
and the Stuarts it was the fashion in 
England for the King to grant what 
were called monopolies. And _ he 
granted monopolies for various reasons 
— sometimes to reward a man for 
industrial contributions, sometimes by 
way of protection of English indus- 
tries, but very frequently in order that 
he might pay some of his debts to his 
friends and followers or to the ladies 
in whom he was interested. So that 
there resulted a real scandal where 
the King and Parliament and the 
Courts were at odds for many years. 
Finally that contest — for it was a real 
contest — came to an end in what is 
known as The Statute of Monopolies, 
passed in the early seventeenth 
century, whick provided that no 
monopoly should be allowed — the 
king should have no power to grant a 
monopoly except to one who intro- 
duced a new industry into the realm. 
That exception was made at that time 
and recognized as a vital and important 
exception. It was exactly the position 
in which the English courts and the 
English Parliament had stood during 
all the period of this controversy. 

That English patent system was 
helpful. Of course there was very 
little opportunity for patents for 
considerably over a hundred years. 
In fact, the beginning of modern 
industry — and then it began very 
crudely — was only at the end of the 
eighteenth century. It almost began 
with the invention of the steam engine, 
which was very late in the eighteenth 
century. But at the same time, when 
that came it was recognized that there 
was a real opportunity for legitimate, 
beneficient monopoly, because it 
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fostered the introduction of industries 
into the realm. 

Now, gentlemen, one thing that 
stands out in the American system, 
which was crystallized in legislation in 
the nineties of the eighteenth century 
and was based directly on the consti- 
tutional provision that Congress should 
have power to grant a monopoly to the 
inventor, was that there was not in 
that clause or in the American law any 
talk about introduction of industries 
into the realm. It was the simple, 
practical proposition that if a man 
studies and thinks and works out an 
invention and thereby is an inventor, 
he, as a reward for that invention, that 
intellectual effort, should have the 
control of that invention, the monopoly 
of it, for a limited term, which is now 
seventeen years. And that was the 
great contribution that the founders of 
our Constitution and our early law- 
makers made to the matter of letters 
patent and the patent system. For 
that principle has proved to be most 
effective and most admirable. 

Again, for a number of years there 
was comparatively little development 
in the industries of this country. It 
was only after the Civil War that we 
got to be a great industrial nation. 
But prior to that time there was the 
Whitney cotton gin, which was 
patented; there was the sewing 
machine, which was patented, and 
there were a good many other things 
which came along sporadically. Mean- 
time there grew up among the crafts- 
men of the country an idea that if they 
would put themselves to work and 
study the problems that they had to 
meet from day to day and find a 
solution for them, they could get a 
patent for it. And what did that 
patent mean?. It meant, in every 
case, exclusive control. The law was 
organized so that a man need not use 
the invention unless he chose; if he 
found it impossible to introduce it 
into use, he could wait —he could 
wait for the whole term of the patent 
if he wanted to. But the founders of 
our Constitution recognized what has 
been confirmed by our whole experi- 
ence ever since, that if there is that 
control to the inventor, take it by 
and large and generally, the invention 
will go into use, because somebody 
will want it, and the inventor, having 
that control, can bide his time, can 
seek for the requisite backing and 
ultimately give the public the benefit 
of that invention. 

Now there is one thing that I would 


like to have you understand that is of 
great importance, and that is that 
this monopoly of the invention — 
I use “monopoly ”’ in a favorable sense 
— it is a word that is very much 
abused in common parlance — that 
this monopoly of the inventor is not 
only important in giving him a 
chance to turn around, but also is of 
great importance because he can sell 
the whole or any part of that monopoly. 
And the law has been very liberal 
indeed in authorizing him to dis- 
tribute his monopoly as he chose, and 
he can thereby get into the hands of 
capital the right to use the invention 
with the practical assurance that if 
they ever put it into commercial 
form, then they shall have a reasonable 
time, or some time after that result is 
accomplished, in which they can get 
the reward which the law intends they 
shall have for the development of a 
new article or a new industry. 

And that is a matter of the utmost 
importance because, as very likely 
you all know, it is very seldom indeed 
that an invention comes like Minerva 
from the head of Jove, fully developed, 
fully panoplied. It very often is a 
bare idea; it very often is in the form 
of an incomplete, inadequate, and 
imperfect mechanism. Very often it 
has not been thought out except in 
its general expressions and it takes 
time and capital and, more than that, 
it takes ability of a different character 
to put even a great invention into the 
form in which it can be made really 
useful. It means very frequently a 
large expenditure of money, it means 
great effort, it means the employment 
of many people, and that never could 
happen — human nature being what 
it is — unless those who were to ad- 
vance the money, those who were to 
give the time and those who were to 
organize the right administration had 
the certainty of a reasonable control 
of the invention before it became open 
to the public, as it does at the end of 
the patent. 

I have in mind one striking instance - 
of that truth. It is in connection with 
one of the greatest machines in this 
country, that you all know about. I 
refer to the Curtiss Turbine. I hap- 
pened to know all about the Curtiss 
Turbine from the very beginning. 
It was invented by an engineer who 
was a man of education and some 
money. When I first knew about it, 
it was in the form of patents and in 
the form of a very crude machine. I 
will not go into the story, but the 
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ultimate result was that three millions 
had been spent in the development of 
that invention before it was in form 
to be put on the market, and made 
practicable and useful. I should not 
like to say how many hundred 
thousands of Curtiss Turbnes have 
been put into use in this country or 
- what part the Curtiss Turbine has 
played in the development of our 
industries. 

About the time of the Civil War 
there came about this development of 
modern industry which has charac- 
terized our age. Nowhere has that 
development been more extraordinary 
than in the United States, and the 
reason for that, I am satisfied as a re- 
sult of my experience and observation, 
is largely due to our patent system. 

At the very beginning of things we 
were educated in this country to 
patents and to the effect of patents. 
The craftsman in the old days, before 
the Civil War, was always hoping he 
might be an inventor. Every boy in 
the nation had an idea he might be 
an inventor. When after the Civil 
War we finally got these tremendous 
improvements, when we got electricity 
and not merely the telephone but, as 
you know, the whole art of electric 
light and power, and when we began 
to undertake to develop machinery 
on an enormous scale, and when 
we brought together these great units 
and we furnished business organization 
back of every industrial effort, that 
spirit of invention which had been 
fostered by our patent system from 
the beginning was ready to take its 
part and play the game from that 
time on. And it has played it to a 
most marvelous extent. There is no 
doubt, as I say, that it is largely 
responsible for the fact that we have 
led the world in mechanical and 
industrial development based on the 
application of the discoveries of science 
to the useful arts. 

Now, gentlemen, your president 
spoke of the confusion which existed 
in the aeroplane situation at one time 
owing to the fact of the development 
which was everywhere. Every man 
in this country was thinking of 
inventing flying machines, and any 
number were trying to do it, and there 
were any number who got out patents. 
That is a very common thing in 
patent situations, but it is one of the 
very interesting points in support of 
my proposition that this very simple 
provision of our Constitution and laws 
is the most adequate possible to meet 
this contingency, and the public has 
practically never suffered because of 
such conflict, because of the rivalry 
of patents. 

There have been fierce patent suits 
of course. There have been cases 
where the public for a time was 
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unable to use any device because it 
would infringe some other patents, 
but taking it by and large just what 
happened in that flying machine 
situation is constantly happening. 
Men in business are not stubborn. 
The business man will not bite off his 
nose to spite his face and, inasmuch as 
the situation developed so that it could 
be understood, the business men got 
together so that their rival patents 
were brought into a common pot and 
then the field was open for the most 
extensive development. 

Almost every great industry illus- 
trates this. Take the telephone. Bell 
invented the telephone. Nothing 
happened until a year later because, 
among other reasons, his apparatus 
was hardly operative. It was barely 
operative enough to sustain a patent. 
Before a year he invented a receiver, 
one of the most beautiful transmitters 
there ever was in addition to its capac- 
ity as a receiver. He patented that. 
Then by reason of the fact that he got 
together some big, broad men who 
began to sense the future of the tele- 
phone and to organize in order to see 
how it could be worked out, improve- 
ments began to be made. One of the 
first, which came two years after the 
invention of the telephone, was the 
development of the exchange system. 
I will state one item of it as an illustra- 
tion. One of the first telephone 
exchanges in this country was inaug- 
urated not by telephone people at 
all but by an old druggist named 
Smith in New Haven, Conn. The 
first thing that he happened to think 
of was, that a doctor was hooked up 
with telephone communication in his 
drug store. Then another doctor put 
in a telephone and talked with his drug 
store. After a while there were half 
a dozen connected with his drug store. 
Then the old fellow said, “Why 
can’t I hitch these people together so 
that they can talk with each other.” 
Even the business men had not 
thought of that. Then they got in 
Theodore N. Vail and other men, who 
started this tremendous development 
and today there are fifteen million 
telephones in this country, and you 
can talk from Maine to California or 
all over the country with a perfection 
that to any one who knows the 
difficulties of the telephone system, is 
absolutely inconceivable. 

That was not all. Mr Edison, one 
of the greatest inventors of our time, 
one of the greatest .that ever lived, 
had been studying carbon and the 
properties of carbon, and he got up 
the carbon transmitter, which was 
the basis of the modern microphone 
transmitter. He took out his patents 
which belonged to the Western Union 
Company. The Western Union 
Company could not use the telephone. 
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The Telephone Company could not 
use the microphone for fear of the 
Edison patents. Was this whole in- 
dustry going to be held up? Of 
course not. These men got together 
and the result was that the company 
that went on with the business had 
the right to all those inventions. 
That is what happened right straight 
through. 

In the electric lighting business 
it took a long time to bring about the 
results. There were a dozen or twenty 
companies who started in after Edison’s 
wonderful invention of the incan- 
descent lamp, to build - electrical 
machinery, with a resulting state of 
patent confusion which was intolerable. 
I first had my connection with electric 
lighting in 1882, and for years there 
was nobody using an electric plant 
in this country who did not infringe 
somebody’s patent. NO manu- 
facturer could go ahead with any 
assurance that he was not going to 
be stopped and the engineers had to 
devote their time and attention not so 
much to getting out good apparatus 
as to avoiding the other man’s patents. 

Now that is an incidental evil, but 
it was stopped, — first, by the organi- 
zation of the General Electric Com- 
pany which took care of several 
companies, then by a contract with 
the Westinghouse Company which 
practically solved the situation. And 
when that contract was made in 1896 
for exchanging licenses, for the first 
time was it possible for the business 
to develop on a sound basis, because 
then the engineers could go to work 
and they could build the best possible 
apparatus for any conditions, having 
the right todoit. Then the executives 
and the financiers could stake their 
energy, their time and their money in 
facing the proposition on its merits. 

Some people have been foolish 
enough to say that the thing illustrates 
desirability of forcing licenses, — of 
having what they call compulsory 
license systems. That is perfect non- 
sense, gentlemen, because a com- 
pulsory license system takes away the 
one thing that makes that regular 
development in accordance with the 
regular, orderly laws of human nature, 
which we know, necessary and certain. 
That is, if business men and inventors 
are forced to allow other people to use 
their inventions, there would be no 
control whatever and nothing would 
happen and there never would be 
this development. 

What is the reason for this tremen- 
dous development? Take the elec- 
trical industry, which has become so 
conspicuous in these few years. It 
is because every concern had _ before 
it the fact that he, if it were an indivi- 
dual, or the concern if it were a corpo- 
ration, might get up a series of patents 
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that would give him a reasonable 
control, that has induced them to spend 
the hundreds of millions of dollars in 
research, in investigation, in design, 
in organization, that were absolutely 
essential in order to make it possible 
to overcome the tremendous difficulties 
that have been overcome in that 
industry. The same is true of every 
industry. And if you had had any 
such thing as compulsory license or 
the working clause that they talk about, 
the art would have stopped and there 
would not have been any progress, 
because there would have been nobody 
who found it worth while to make the 
tremendous effort, to lay out the 
tremendous expenses and to take the 
tremendous chances that had to be 
taken before there could be any such 
development as that which has come. 

We do not realize, unless we have 
looked into the matter, how great 
is that development. I have spoken 
of the electric business because I 
think that is the most conspicuous. 
That really goes back for all practical 
purposes, as I look at it, to one inven- 
tion, and that was the invention of the 
incandescent light, which was a mar- 
velous invention. There are all kinds 
of inventive effort. Sometimes an 
invention is a happy thought, but not 
very often. Sometimes it is pretty 
near a happy thought. I have some- 
times believed that the telephone was 
a happy thought. That is to say, be- 
fore Bell’s experiments musical notes 
had been transmitted over a wire. 
But Bell, who was not an electrician, 
but knew more than anybody living 
probably about the vocal organs and 
the laws of speech, approached the 
matter from that point of view; and, 
approaching the matter from that 
point of view, all of a sudden, — it 
must have been a sudden conclusion, — 
it occurred to him that in order to 
talk over a wire by electricity he 
had got to have a form of vibration of 
the current which was the same as 
the form of vibration of the air waves 
and of the vocal organs. Now he got 
that phrase, form of vibration, from 
Helmholtz, who never thought of the 
telephone but had worked out the 
theory. So there was Bell’s invention. 

Now before Edison people had heated 
wires and knew that a wire that 
was heated would glow, and that is just 
as far as they had gone. They talked 
and thought vaguely about utilizing 
that invention. But Edison went to 
work and he studied the whole subiect 
from every point of view, and finally, 
by a most remarkable correlation of 
the laws of physics, the laws of heat, 
the laws of light and an enormous 
amount of common sense, he came 
to his glass bulb with a vacuum and 
a carbon filament. And one of the 
most striking things of all in his work 
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was his having the nerve even to 
think of taking for the thing that was 
to glow a carbon filament which, 
if you touch it with a match, will 
instantly disappear, and to use that 
for the thing that was to give the light. 
As you all know, in the first Edison 
lamp which went into use, the carbon 
filament was made of tar putty. 
That was the carbon, and it was 
utterly useless, it could never have 
made an impression on the light 
situation. I am talking about the 
carbon light; he had played with 
platinum before he settled on the 
carbon, and the result was the carbon 
light. Then he went ahead and others 
went ahead, and the result is what 
you see today, the carbon lamp which 
is so infinitely beyond what Edison 
knew in the early days. That is a 
story by itself and I would like to say 
something about it, and I may later 
if I have the time. It was only by 
the most tremendous efforts and the 
spending of large amounts of money 
and the careful combinations of engi- 
neers, mechanics, financiers and execu- 
tives, that we ever got the lighting 
system of the United States. But 
that is only a strikiug illustration, 
every step of which points its finger 
toward the vital effect of the patent 
laws of the United States. 

I will just refer briefly to one other 
industry where the story is less drama- 
tic but almost more striking. In 1861, 
when the war began, there was no 
machinery employed in making shoes. 
They did have a die for cutting out 
soles, — simply a guillotine, in other 
words, adapted to cutting out sole 
leather. That was about all. Every- 
thing was done by hand in the most 
primitive form. But there was a man 
named Lyman R. Blake, who got up 
a sewing machine for sewing shoes and 
a man named Gordon McKay, who 
was an engineer, and who said he 
thought there was something in the 
Blake idea, and McKay bought Blake’s 
patent. McKay at that time is said 
to have had $140,000. He was not 
a poor man. He started in and put 
that machine onto the market, think- 
ing he had something that might 
be useful and at any rate taking his 
chances. But before he had made 
any progress every dollar of that 
$140,000 had gone. That is, there 
came a secondary stage where the 
capitalist, the engineer, the skilled 
mechanic, and the man of great 
common sense,— not only common 
sense in designing mechanism and 
determining what will go and what will 
not, but common sense in determining 
how to market a machine, how to get 
the public to take it, what form of 
distribution to adopt,—had to be 
called in to aid in settling their various 
problems. And the problem of distri- 
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bution McKay settled in a way, which 
was most extraordinary and absolutely 
novel and which he ought to have 
been able to patent, but could not 
under the laws, because it is not an 
improvement in the useful arts; and 
that was by the royalty system. He 
got up stamps, and every man who 
made a shoe with McKay’s machine 
put a stamp on it just as you would 
put a postage stamp on a letter. That 
was practically the beginning in this 
country of the royalty system, which 
has been most effective in leading to 
the introduction of very many ma- 
chines. That machine found a market 
which it probably never could have 
done,— there is no certainty that 
it could have done, — except that 
during the Civil War the Government 
needed so many shoes for the army 
that there was no opportunity to have 
them made in the ordinary methods 
and people had to adopt this machine. 
So that there was one machine of large 
importance introduced into the art 
of shoe-making. Everything else was 
still done by hand. There were some 
hundred processes in making a shoe. 
And people, having got this sewing 
machine in use, started in to build 
other shoe machines. One machine 
after another came to the front to deal 
with some particular hand process 
that could be much better dealt with 
by machines, though. never had any- 
body though to do it before. And 
today the hand processes have gone; 
and all shoes are made by machinery. 
They are made enormously better 
than they ever were before, and made 
at a price that is perfectly ridiculous 
when you consider the cost of the 
leather and of the material. For 
the cost of manufacturing a shoe is 
today almost nothing. You have 
heard about the United Shoe Ma- 
chinery Company. It practically puts 
into the hands of the shoe manufac- 
turers all the machines that they use 
except in the stitching room. The 
Singer Sewing Machine and other 
sewing machines must stitch the uppers. 
But the highest royalty which the 
Shoe Machinery Company ever gets, 
which means practically the entire 
cost of the machinery, because there is 
no investment in the machines by 
the shoe manufacturers, — is about six 
cents a pair for the very highest grade 
of men’s shoes and it runs down to 
a half cent a pair for children’s and 
women’s cheap shoes. Just think of 
that for an achievement; and it all 
came from the patent system, because 
every one of these men started in on 
shoe work because by getting a patent 
which would give him for a limited 
time a control of the invention he 
might get a chance to make some 
money out of it. 

When I first knew about the shoe 
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business, which was in the early 
eighties, there were probably a hundred 
concerns which were developing ma- 
chinery of one kind and another, 
sometimes in conflict with each other. 
There was no stability; there was no 
chance of sound development until 
there again there was a combination 
of interests. 

There I would like to say one word 
on a subject that is germane to this 
but is not precisely in line, and that 
is this: We have had, as you know, 
for the last forty years a great uprising 
against monopolies in this country; 
a great uprising against what is said 
to be in restraint of trade, really based 
to a very large extent upon the fact 
that people on the outside rather 
resent the size of the big aggregations 
that were bound to come when there 
was this tremendous reorganization 
of industrial methods after the Civil 
War, after the great inventions that 
were made in the seventies and eighties 
and after the great changes in trans- 
portation that came at that time. 
That is a story in itself and I would 
like to have the opportunity of telling 
it to you, because it is not known 
generally. That feeling against corpo- 
- rations did not for a time go so far as 
to oppose the beneficent monopoly 
of a patent, but it has gone so far as 
to limit to some extent the inclination 
and the willingness of patent-owning 
concerns to get together and exchange 
licenses on proper terms, giving to 
each a return for his effort; and that 
I regard as a most unfortunate element 
in the present situation. For in 
accordance with the principles of the 
patent system and in order that there 
may be that industrial development 
which, rightly or wrongly, we want, 
because the spirit of the time requires 
it, there should be the same full 
opportunity for patentees to get 
together on a proper basis. And they 
do generally get together on a proper 
basis, because the laws of economics 
force them on a proper basis. There 
should not be too much restriction to 
their getting together, and there is too 
much in the law as it is now thought 
of by those who are pushing it to 
what I regard to be unreasonable 
conclusions. The courts have not 
gone very far yet in the wrong direc- 
tion, but there is danger, if public 
sentiment does not change, that harm 
will be done to the patent system 
because of the failure to recognize the 
tremendously beneficent character of 
this particular monopoly as compared 
with the monopolies that were sup- 
pressed in the time of James I under 
the anti-monopoly law to which I have 
referred. 

Now, gentlemen, to turn from that 
portion of what I am going to say to 
you, which is simply an effort to have 
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you understand the patent system 
and the part it has played, I am going 
to say a word about the inside of a 
modern industrial establishment, where 
so much depends upon the character 
of the machinery, its efficiency, its 
productivity, the economy of its 
operation and all those other questions 
that make the difference between 
success and failure. 

There are, of course, and have been 
ever since the war, and always will 
be, a great number of small industries, 
and those small industries require 
good machinery. There is no doubt 
about that. They do not, as a rule, 
succeed in getting up good machinery 
themselves. Once in a while there is 
an inventor in such an establishment, 
and when he makes an invention, 
then he does not think merely of his 
own establishment as he would a 
hundred or two hundred years ago. 
That is the only thing he would think 
of if it was not for the patent system. 
But he immediately begins to think 
on larger lines, for the country as a 
whole. But as a rule, the inventions 
that count, outside of the class 
represented by egg-beaters and bread- 
mixers and things of that sort —the 
inventions that count are those that 
play their part in the great industries 
of the country; the electric industries, 
the steel industries, the transportation 
industries, the automobile industries 
and others of that sort, where things 
today, by a law that could not possibly 
be departed from, are on a large scale. 
You take the situation in one of those 
big industries. In the first place, 
back of the shop itself is the manage- 
ment, which, if it is wise and far- 
sighted — and they are trained in 
that direction and their efficiency has 
been most wonderful, many as are the 
mistakes that they have made — they 
are looking all the time for problems. 
They are studying as systematically 
as an engineer would study his prob- 
lem — although they are not as a 
rule engineers — sometimes they are 
— they are studying the problem to 
find out exactly what the public 
wants and needs. They are looking 
at the individual situation of each 
particular machine, each particular 
method of manufacture, each particu- 
lar method of distribution, to see if 
somehow or other there cannot be 
economy or greater efficiency or more 
productiveness developed somewhere. 
That is a separate thing. The clear 
perception of a problem is very 
frequently at the basis of an invention; 
not always, because inventions are 
sometimes made almost by accident. 
Glass is said to have been invented by 
accident. And so there are the 
impelling forces behind the great 
establishments to develop invention. 
They find the problem and they go to 
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those in control of the industries and 
say, “Look here, this should be done.”’ 
Then there is a study as to how best 
it can be done, and frequently that 
involves the most tremendous and 
far-reaching investigation; then it 
involves the selection of the right men 
to take up the problem of studying 
what specific details are required and 
the way to work them out. Those men 
are fitted by nature to be inventors. 
They are men of generally inventive 
gifts, and they work indefinitely and 
for long periods sometimes before 
they can get on the track of the new 
idea, the new method, the new organi- 
zation, the new correlation of things 
which will lead to the new improve- 
ment of the thing that is desired. 
When you get there with them, the 
next step is of an utterly different 
character. Here is a thought which 
nine men out of ten embody in such 
crude form that a skilled engineer 
looking at it would say at once, “That 
won’t do; there are any number of 
reasons why it won’t do.” Then 
they say to the engineer, “Is the idea 
good?”” Sometimes he is not far- 
sighted enough — as an engineer he 
has not imagination enough; but if 
he has the vision and the imagination 
to see beyond the crudeness of the 
invention and recognize the merit of 
the idea, he says, “‘ Yes, that is just 
the thing we have been after; now I 
will take hold of it.” And he, with 
his skilled mechanic and his knowledge 
of machinery and his taste and 
judgment, spends a lot of time and 
lots of money in developing the proper 
form, the proper embodiment, the 
proper design, as they say, which is 
just as important as the original 
inventive thought. And all that 
requires, as you will see at once, this 
complete organization that we have 
developed and which I think is one 
of the most wonderful things that 
the human mind has ever accom- 
plished in the history of the world — 
a modern industrial establishment, 
with the codperation of the executive, 
who will shape things and direct 
things, although he is neither an 
investigator of problems, nor an 
inventor; nor an engineer, nor a manu- 
facturer; and the inventor and the 
engineer and the man of manufacturing 
skill and the man of selling skill; 
because with every new thing you 
have to find out what is the way to 
sell it, or it won’t go. Many good 
inventions have failed because the 
men who had control of them or the 
concern which had control of them 
did not really find out the way in 
which they could be made useful to 
the public, the way in which they 
could be put to the public. And then 
back of all that, there is the man with 
the capital and the faith and the 
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hope, who is ready to risk the capital 
on the chance that the inventions will 
fail. The number of inventions that 
fail is cruel; it is immense. You take 
the inventions that are patented in 
the Patent Office of the United States 
as a whole, and I do not think it is an 
exaggeration to say that seventy-five 
per cent of them — and I think it is 
much greater than that — never 
return enough to pay for the cost of 
taking out the patent, not to speak 
of the time and effort that was 
expended. But it is the result of the 
whole that interests us. And it is the 
result of the whole that we will see. 
And even these inventions that, in 
spite of the hope and faith and 
money that have gone into them, are 
failures, play their part, because here 
is one benefit of the patent system 
that cannot be overlooked, which I 
regard as of very great importance: 
every patent that is taken out, even 
if it is foolish and silly, is noticed and 
read by those who are _ interested 
in that particular line of industry. 
The number who study the patents 
taken out is colossal, enormous. And 
not unfrequently, from a_ perfectly 
worthless patent there comes a thought 
and an idea that otherwise would not 
have come and which leads to success, 
to increased production, and increased 
efficiency. More than that, when a 
good patent comes out, it is part 
of the patent system that the public 
should have a perfect right to evade 
that patent. They have to evade it 
under the rules of law; they cannot 
infringe, but if they can find some 
other way to get the same result, 
God speed them! That is what the 
patent system is for. The result is 
that every new invention that is 
strikingly new, and even every 
improvement which attracts attention, 
leads an enormous number of people 
to study to see if they cannot get some 
alternative method for that improve- 
ment or some alternative method for 
this broad underlying thought, and 
very frequently they succeed. 

So, gentlemen, the net result is that 
the patent system has worked out as 
I firmly believe some of the founders 
of our Constitution felt instinctively 
it would work out, to promote the 
progress of the useful arts in a most 
astonishing fashion. It has led to 
individual things that were of large 
moment to the comfort, the happiness 
and the development of modern life. 
And each one of these leads to other 
developments, constantly extending 
in an expanding circle so that there is 
no limit to the result that has been 
attained, all predicated upon what 
you may call, if you choose — though 
I don’t agree with you—a sordid 
motive, that is, the motive that 
actuates every one of us and has got to 
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actuate every one of us to a certain 
extent — not to such an extent as to 
lead you to do wrong to others, not 
to such an extent as to lead you to 
want to get something for nothing or 
to take from another man what he 
has; but the belief and the hope that 
he can accomplish something, and 
that if he does accomplish something, 
he will be paid for it. He will get in 
this world the reward that man gets 
for accomplishment. It is one of the 
fundamental propositions in life as I 
look at it that if a man is sincere and 
honest and looks after his own interest 
with a regard for the interest of others, 
he is accomplishing as much as can be 
accomplished for the benefit of the 
human race as a whole, because his 
own advancement, if he approaches 
the subject in the right spirit, means 
the advancement of the community 
as a whole. 

The function of an inventor and of 
an engineer or mechanic is very 
different, as I have already intimated, 
and it is very interesting indeed, if 
you have not thought about it, to 
think just for a minute on that point. 
It is very hard to define what is an 
invention. The courts differ as to 
specific cases. When I am asked to 
advise I very frequently cannot tell 
and it is necessary for the client to 
put the question up to the courts. 
Sometimes they cannot tell any better 
than I can, probably. But, what is 
necessary to constitute an invention is 
pretty clear. In the first place, invent- 
ing is not engineering. If the alleged 
invention, whether it is large or small, 
is one that the court finds could have 
been made by a skilled engineer or a 
skilled mechanic, then it is not patent- 
able, because there is no authority 
in the constitution or the laws to 
give a patent for fine engineering. 
There might well be only that fine 
engineers have been rewarded in other 
ways and are still rewarded in other 
ways, and the patent law is aimed at 
inciting everybody, rich or poor, large 
or small, whatever may be _ their 
environment, to invent. And there 
is only one possible way, as I look at 
it after all these years of experience 
in the patent systems of the world — 
some of which are no_ protection — 
there is only one way that operates 
effectively to give the right reward 
and that is a control of the invention 
for a reasonable time, during which a 
man, if he has decent luck, will succeed 
in doing something with the invention, 
in enlisting the support that is neces- 
sary. During the term of the 
patent, if he has a good invention and 
if he is not a crank or a fool— as many 
inventors are, like other people — 
he is pretty sure to find some way of 
utilizing the value of his invention. 
So I say inventing is not engineering. 
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The inventor must proceed, of course, 
in view of what is known as the prior 
art, that is, what is known to others, 
and he is, by a fiction of the law which 
is necessary, supposed to know every- 
thing that has been done in that partic- 
ular line. Practically he does not 
know it but he is supposed to. The 
result is that many patents which are 
the result of real invention, are invalid 
because hidden away in our patent 
office or the patent office of some 
foreign country, is the disclosure of 
this new thought which is really 
original with the patentee. 

That is one of the unfortunate 
things that have to be met with, but, 
as you know, there is no human 
thought that does not involve such 
irregularities and injustices. They are 
everywhere in the history of the world 
and in life. The inventor, in order 
to make an invention, must coérdinate 
these things in the prior art, which is 
known, in such a way as to result in a 
new thought, in such a way as to 
result in reactions among the parts 
which were not obvious to the engineer, 
in such a way as to result in a new 
creation which no one who did not have 
real constructive imagination could 
have developed. All that is pretty 
vague and pretty indefinite, but I 
think you understand what I mean. It 
is the history of inventions that there 
is that element of constructive imagi- 
nation seizing resemblances or differ- 
ences, and correlating things in such 
a way as to bring about a new result 
in a different way or an old result in a 
different way from what has ever been 
brought about before, that leads to 
the invention. 

That, you see, is not engineering at 
all. The engineer may or may not 
be an inventor, but he should have 
the greatest respect for inventors, and 
he should, whenever he has the oppor- 
tunity, give them that codperation, 
if they are real inventors —I am not 
talking about the infinite number of 
men who are not inventors who try to 
be — but if they are real inventors, 
they should have the support of the 
engineer and they need it at all 
stages. They need it in their prelimi- 
nary work, if they have the good 
fortune to be in touch with the engineer, 
because the engineer is a practical, 
hard-headed fellow who sees things 
without the necessity of great imagi- 
nation, who sees things as they are, 
who can criticize and attack admirably, 
and who can make constructive sug- 
gestions not amounting to invention, 
as to ways and means, that are just the 
pendulums that the inventor needs in 
order that he may have the background 
upon which he may develop his work. 
As I have already said, when the 
inventor has made his invention, then 

Continued on page 84) 














The Gibbons Landing Device for 
Airplanes. The one thing that has 
retarded commercial aviation more 
than anything else is the lack of 
landing fields. Those already in exis- 
tance are usually located too far from 
the hotel and business sections of 
the city, so that any time saved by 
flying to the destination is lost due 
to the amount of time consumed in 
reaching the city proper. 

A device has recently been per- 
fected to enable planes to land in 
restricted areas. It consists of a flat, 
unobstructed platform made up of 
wood flooring on a light steel frame. 
This platform is pivoted transversely 
in the center to allow it to be tilted 
to any desired angle and is mounted 
on a circular track, allowing it to be 
revolved into the wind for the landing 
or launching of airplanes. The surface 
of the platform is fitted with various 
devices for slowing up the plane. 
The size of the platform is determined 
by the speed and weight of the plane, 
the smallest dimensions being about 
sixty feet wide and one hundred and 
seventy-five feet long. 

A plane rolling along the ground has 
three forces tending to stop it. There 
is the air resistance which is a maxi- 
mum at the moment of landing, 
friction of the wheels and friction of 
the tail skid. The latter two forces 
increase as the plane slows down. The 
incline serves as a means to slow the 
plane quickly, and in addition throws 
the center of gravity further back 
relative to the wheels, thus reducing 
the tendency to nose over and causing 
more of the weight to be carried by 
the skid. The bank of air under the 
wings of the plane serves to keep it 
afloat and when landing it reduces the 
sliding and rolling friction of the 
wheels and skid. By means of fans a 
strong down-draft is produced which 
effectually removes the bank of air 
and causes the weight of the plane to 
be put upon the supports sooner. 
Thus the friction forces become a 
maximum as soon as the plane lands, 
and the removal of the air bank re- 
moves the tendency to bounce. The 
air flow is graduated over the platform 
so that the plane does not immediately 
enter the full air velocity. 

The greatest retarding effect is 
derived from steel cables stretched 
across the platform, beginning about 
eighty feet from the landing end. 
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These cables are spaced sixteen inches 
apart and eight inches above the floor. 
They are attached to arms which are 
in turn connected to a heavy steel 
spring. The wheels and skid in pass- 
ing over these cables force the spring 
down, reducing the speed. The springs 
are adjusted so that there is no ten- 
dency for the wheels or skid to leave 
the floor and the retarding force thus 
produced is only one fifth of that 
required to nose the plane over. 

As a result of these various devices 
a plane landing at sixty miles per 
hour, which would run between six 
hundred and seven hundred feet on an 
ordinary field will be brought to a full 
stop in one hundred and twenty-five 
feet on the platform. 

The platform is fitted with various 
safety devices. Spaced every five feet 
across the platform there are cables 
running the full length to serve as 
guide cables, keeping the plane on a 
straight line on landing. At the upper 
end of the platform is a steel net 
which is automatically thrown up, 
should the plane overrun the end of 
the platform. After landing, the cross 
cables prevent the plane from backing 
down the platform. In taking off, the 
cables are thrown down onto the 
platform and the plane takes off down 
the incline, the platform being more 
than long enough for any ordinary 
plane. — Aviation. 


Superpower in Illinois. Construc- 
tion of a superpower system in 
Illinois, with Chicago as the hub, is 
announced by the Commonwealth Edi- 
son Company in connection with its 
order of a million volt testing set 
which will be built by the General 
Electric Company. 

Under present plans, Chicago will 
be the center of a superpower system 
which will tie in Iowa, Wisconsin, 
Illinois and Kentucky. The Common- 
wealth Edison Company is now operat- 
ing one of the highest voltage under- 
ground lines in America at a pressure 
of thirty-three thousand volts. Lead- 
ing into Chicago at the present time 
is a steel tower transmission line from 
Waukegan, owned by the Public 
Service Company of Northern Illinois. 
A line is projected which will run 
from the Calumet plant of the Com- 
monwealth Edison to another one 
hundred and thirty-two thousand volt 
line, also projected, connecting the 











May, 1924 


Indiana Gas and Electric Company 
plants and those of the Public Service, 
Blue Island and Joliet. The Public 
Service Company interconnects with 
the Central Illinois Public Service, 
Illinois Northern Utilities, and with 
others the, total area served being 
equal to three-quarters of the State of 
Illinois. 

At the present time a line of one 
hundred and _ thirty-two thousand 
volts around Chicago is proposed, 
connecting all of the industrial dis- 
tricts from the Wisconsin state line 
on down around the edge of the lake 
to the steel mill district in and around 
Gary, Indiana. The operation of this 
line will require extremely high voltage 
tests on apparatus and equipment. 

The Commonwealth Edison Com- 
pany is now supplying current to a 
population of about three millions in 
the city of Chicago, and has a power 
load of more than six hundred thou- 
sand kilowatts, apart from the out- 
lying areas and manufacturing dis- 
tricts which in many cases are supplied 
by utilities allied and associated with 
this company. 


Device to Photograph Surges on 
Power Lines. The “Klydonograph,”’ 
a camera which photographs the 
surges on power lines and _ heralded 
as one of the greatest inventions of the 
year in the electrical world, has been 
perfected by J. F. Peters of the 
Westinghouse Company. 

The device photographs the surges 
as they occur and from the developed 
negatives, engineers can tell whether 
the voltage at the time was positive 
or negative, alternating or unidirec- 
tional, the direction the surge was 
traveling and its magnitude. It is 
the only practical device available 
for obtaining data in regard to that 
type of line disturbance known as 
surges. From the “Klydonograph” 
photographs data will be obtained 
with which to devise line protection 
and thus increase the reliability and 
the continuity of service on existing 
power lines. The “‘ Klydonograph”’ is 
applicable to all kinds of transmission 
lines and is connected by means of an 
electrostatic potentiometer. Surges are 
recorded in twenty billionths of a 
second and the photographic plates 
are not exposed to any visible light. 
— Westinghouse News Service. 
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Setting Drafts by Composition of 
Flue Gases. An electrical method 
of gas analysis recently perfected 
at the Bureau of Standards makes 
possible the immediate detection of 
the change in composition of flue 
gases in a boiler plant, the recording 
of such changes throughout the day, 
and the manual or automatic control 
of regulating apparatus in accordance 
with the gas composition. Industries 
in which the new method is expected 
to prove useful are the manufacture 
of oxygen and hydrogen by the 
electrolytic method, the manufacture 
of sulphuric acid and of synthetic 
ammonia, and the extraction of helium 
from natural gas for use in balloons 
and airships. 

The new apparatus makes use of 
the fact that different gases have 
different rates of conducting heat. 
Consequently if an electrically heated 
wire is surrounded by the gas the 
rate at which the wire loses heat, and 
hence the temperature it will main- 
tain, depends upon the composition 
of the gas. Change in temperature 
changes the electrical resistance of 
the wire, and makes possible the 
recording of the changes by electrical 
means. 

Two such wires are used. One is 
enclosed in a tube of gas of known 
composition, the other in a_ tube 
through which is passed the gas whose 
composition is to be measured. The 
outsides of the tubes are kept at 
constant temperature. The wires form 
two arms of a wheatstone bridge, 
and the usual galvanometer of the 
bridge is replaced by the recordng or 
regulating apparatus. The device must 
be calibrated for each case in which 
it is used. 


Carbon Monoxide in Garages. The 
dangerous fallacy that the atmos- 
phere in a closed garage is safe as long 
as an automobile engine continues to 
function has been disproved by a test 
conducted by engineers of the Interior 
Department at the Pittsburgh Experi- 
ment Station of the Bureau of Mines. 

An ordinary touring car of popular 
make, which is operated daily, was 
run into a brick garage having a 
capacity of approximately three thou- 
sand cubic feet, a dog was placed upon 
the driver’s seat, and the engine 
allowed to continue running at an 
idling speed, which is much slower 
than the average motorist would use 
for “warming up” purposes. The 
doors of the garage were closed, and 
after twenty minutes operation of 
the engine the dog lost consciousness 
and fell to the floor of the car. An 
analysis of the air at this time dis- 
closed the presence of one and three- 
tenths per cent of carbon monoxide, 
which is sufficient to cause uncon- 
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sciousness and death in a few minutes. 
The automobile engine was allowed to 
run until it stopped from lack of air, 
which occurred at the end of two hours, 
when the percentage of carbon monox- 
ide present in the garage atmosphere 


was indicated as two and one-tenth 


per cent, an almost instantaneously 
fatal amount. 

The engine functioned six times as 
long as the dog retained consciousness, 


proving conclusively that the con- 


tinued operation of an automobile 
engine in a closed garage is no indica- 
tion as to the condition of the air and 
that the engine will continue to func- 
tion long after the operator has lost 
consciousness. 
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instrument which is connected to two 
turns of wire and loosely coupled to 
the inductor in the wavemeter circuit. 
Either of two indicating instruments 
may be used, a thermogalvanometer 
or a direct current milliammeter and 
crystal detector. The direct current 
milliammeter and crystal detector are 
used when more accurate indications 
are desired than are possible with the 
thermogalvanometer. 


Destroying a Navigation Menace 
by Blasting. The International Ice 
Patrol was formed immediately after 
the Titanic disaster to systematically 
study iceberg conditions in the North 
Atlantic. In 1923 it was decided to 
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The Standard Wavemeters of the 
Bureau of Standards. To serve as 
a standard of radio frequency the 
Bureau of Standards has two especially 
constructed wavemeters covering the 
frequencies in more general use from 
18 to 4,600 kilocycles per second 
(65 to 16,650 meters). These standard 
wavemeters are used in calibrating 
wavemeters belonging to the Radio 
Inspection Service, manufacturers, col- 
leges or others in need of standards of 
frequency, in radio measurements and 
in adjusting the radio transmitting 
set which is used to transmit standard 
frequency signals. 

Each standard wavemeter consists 
of a variable air condenser of special 
design, four fixed mica condensers, a 
number of interchangeable inductors 
or coils, and a resonance indicating 
device. The majority of the inductors 
are wound with high-frequency cable 
in a single layer upon a skeleton frame 
of laminated phenolic insulating ma- 
terial, sometimes called bakelite. 

The wavemeter is tuned to a source 
of radio-frequency currents by varying 
the air condenser and obtaining the 
maximum deflection of an indicating 


attempt the destruction of those 
icebergs which, having drifted down 
into the lanes of travel, threatened to 
remain there for some time. The 
first attempt was made by lashing 
two T.N.T. mines together and sus- 
pending them about eight feet under 
water from a float. Attempts to tow 
the mines with a buoyed line across 
the face of the berg failed, owing to 
the quantity of “brash” ice and 
“growlers” about the face. The 
second attempt was successful. A mine 
was so placed that the berg would 
capsize after the explosion. The mine 
was placed about thirty feet under 
water. On firing, a large amount of 
ice came down and the berg began 
to rise slowly. Emerging some twenty- 
five feet, it broke squarely in two, 
each of the pieces having about one- 
third the size of the original volume 
of the berg, the remainder being 
accounted for in small “growlers”’ 
and “brash” ice. Twenty-four hours 
later the berg had disintegrated com- 
pletely. In this way menace to 
navigation from icebergs is being kept 
at a minimum.— The Explosives 
Engineer. 
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AN APPEAL 


Probably because of the professional 
nature of this magazine many students 
think that all the articles must be 
written by graduates or outside engi- 
neers. This, however, is far from 
the case and at this time we wish to 
urge all students to submit articles, 
notes, and criticisms to us. We wish 
the students to feel that this is their 
engineering magazine, and _ articles 
written by students will do more to 
promote this feeling than any other 
one thing. We need your aid and 
support, and we are certain that now 
you realize our need you will take 
steps to fill it. 


oil ID» 


THE ENGINEER 


There is one matter in which engi- 
neers with their system and research 
have been extremely lax, and that is 
the protection of their good name. 
The professions of medicine and law 
both have been, and are, very strict 
in the matter. Infringements in title 
they prosecute and rightly so. A 
more precise definition, both popular 
and statutory, of the term “engineer”’ 
should be a goal toward which engi- 
neering schools, engineering students, 
and engineers as a whole should 
strive. 

At present men of almost every 
degree of education, experience, and 
ability can, and do call themselves 
engineers, and many use the name who 
are certainly not engineers, even 
though they may be excellent men 
in their particular lines. In fact, the 
abuse of the name has become so 
prevalent that the fields of poetry 
have been entered in order to bring 
more attention to the fact. Witness 
the following humorous but essentially 
true poem by James J. Montague, 
which appeared in a recent issue of 
the Engineering News Record. 


WHAT’S IN A NAME? 


“No longer little Micky Hare 
Whose ways are mild and meek, 

Will keep my clothing in repair 
For fifty cents a week. 

He now demands a larger sum, 
Which I esteem too dear, 

For lately Michael has become 
A Pressing Engineer. 


“The days when Tonio Dorio 
Would clip and trim my lawn 
And make my kitchen grow, 
For ten a month are gone. 
He now is making wads of pelf, 
Takes contracts by the year, 
And, on his billheads styles himself 
A Mowing Engineer. 


“The lads from Greece who cleaned 
my shoes 

Once in a cheaper time, 

Now with haughty scowl refuse 
My little proffered dime. 

One sees them by appointment now, 
They’ve risen, it appears, 

And have become, so they avow, 
Shoe Surface Engineers. 


“Old ’Rastus Johnson comes no more 
To take the cans away 

Or knocks upon the kitchen door 
To seek his weekly pay. 

He’s found a means of getting his — 
The dusky profiteer — 

His card informs me that he is 
A Garbage Engineer.” 


Certainly it is the duty of the engi- 
neering profession to take action now 
when men and firms imply by their 
self-applied and unjustified designation 
as engineers, that they are capable of 
doing strictly technical work properly 
and scientifically. 


sound 
TO THE SENIOR 


The time of graduation is fast 
approaching and after this last for- 
mality of college life is concluded, the 
senior will start out into the world. 
The Institute degree which he receives 
will certainly obtain a position for 
him, but it cannot work for him. 
Whether or not he proceeds upwards 
in his chosen field of work will depend 
on the quantity and quality of his 
work. 

The senior class as a whole is to be 
congratulated upon carrying on the 
policy of the endowment insurance 
begun by the class of 1923. Also 
they are to be congratulated for their 
support of the Alumni Association as 
shown by the number of seniors who 
have already joined the organization. 
But he must not think that his duties 
to his Alma Mater are ended. He 
must uphold her name by doing his 
best at all times. He must learn to 


work with laborers, with men of his 
own grade of education from other 
institutions, with men who have had 
more experience and training than he 
has, and with many other types of 
men, and he must impress them all 
with his willingness to work and to 
learn. Above all, he should stand 
back of his Alma Mater, his institution 
to which he owes so much. 

Tue Tecu ENGINEERING News takes 
this opportunity to bid the departing 
seniors farewell, and to wish them most 
earnestly the best of success in future 
undertakings. 

so Guang» 
CAPS AND GOWNS 

The decision of the class of 1924 to 
wear caps and gowns for their gradu- 
ation exercises has been approved by 
President Stratton and the class is to 
be congratulated for helping to remove 
the ‘“‘shirt-sleeve” tradition. The 
class of 1923 was the first to initiate 
the use of the scholarly garb at 
graduation and now that another 
class has followed its lead, we may 
expect that this precedent will set 
the standard for the future. 

A certain solemnity and sadness is 
always attendant upon leaving one’s 
Alma Mater to enter upon a new 
phase of life and black is the emblem 
of sorrow and solemnity. Moreover, 
the cap and gown has always been the 
mark of intellectual ability and schol- 
arly attainment. It is fitting that 
Technology’s graduating class should 
be thus attired. 

Quis 


THE NEW BOARD 


With this issue those who have 
guided the policies of THe Trcu 
ENGINEERING News for the _ past 


year relinquish the reins to their 
successors. We take pleasure in an- 
nouncing the Managing Board for 
the coming year. B. E. Groenewold, 
General Manager; C. L. Petze, Business 
Manager; M. P. O’Brien, Editor; C. 
A. Harrison, Advertising Manager; 
S. Emerson, Circulation Manager; 
J. R. Kimberly, Publicity Manager; 
and E. D. Murphy, Managing Editor. 

May their new ideas and fresh 
interest serve the school and you, 
our ‘readers, to a greater advantage 
than we, their predecessors have done. 
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A GENERAL DISCUSSION OF HIGHWAY LOCATION 


quently obtainable where the rectan- 
gular system does not prevail. The 
saving in cost of construction on the 
shortened line is usually much more 
than required to pay all right-of-way 
and damage costs for the new location. 
The value of distance saved has been 
estimated on the basis of capitalizing 
the savings on vehicular traffic at 
ten cents per mile. There is also to be 
considered the saving on construction 
and maintenance where they can be 
effected and the saving in time to road 
users which is difficult to estimate. 

Grades should be an important 
consideration in highway location. 
From data available and from practical 
observation it appears that the max- 
imum plus grades of considerable 
length and with good surfaces and 
alignment which can be travelled in 
high gear are between 6 and 7 per 
cent for automobiles and between 4 
and 5 per cent for heavy trucks. 
Above these grades it is necessary 
to shift into second gear for long 
grades. The shift to low gear occurs 
at about 8 per cent grade for trucks 
and 10 per cent grade for automo- 
biles. However, short sections of 
these heavier grades can be negotiated 
in high gear if the machine approaches 
the grade with some momentum. 
The maximum grade which can be 
safely descended without brakes and 
with the motor declutched is between 
3 and 4 per cent for long grades and 
much steeper for grades of only a 
few hundred feet in length. The 
safety of these grades is largely deter- 
mined by alignment. The effect of 
avoidable rise and fall does not appear 
to materially affect gasoline consump- 
tion on light grades, and reduction 
of grades below 3 per cent from the 
standpoint of economy is questionable. 
Except for isolated sections of short 
grades it seems desirable to develop 
locations with grades not exceeding 5 
per cent. 

In view of the variety of motor 
vehicles in use on the highways it is 
not advisable to jump from a 5 per cent 
to an 8 per cent gradient on the theory 
that if a high gear gradient is not 
available we should adopt a second 
gear gradient. A very important con- 
sideration in establishing a grade line 
is the matter of safety to traffic. This 
brings up the question of sight dis- 
tance. The present practice is to 
design for 500 feet vision. This re- 
quires long vertical curves where a 
rolling profile is followed. In rough 
country it will be necessary to drop 
below this standard for sight distance. 
Generally vertical curves should be 
not less than 200 feet long for an alge- 
braic grade difference of 2 per cent or 


(Continued from page 53) 


less, and lengthened 50 feet for each 
additional 2 per cent algebraic dif- 
fe-ence. Another important considera- 
tion of grades is the matter of storm 
run-off. With a grade steeper than 
5 per cent there is a tendency for road 
shoulders, ditches, and the lower types 
of surfacings to be eroded. 

Exceptional progress has been made 
in recent years in the matter of align- 
ment standards as used by engineers 
on highway work. Only a few years 
ago curves of 200 feet ragius were 
considered sufficient, but now curves 
of less than 500 feet radius are excep- 
tions to the standards and many engi- 
neers consider the six degree curve 
(955 feet radius) as the desirable 
minimum standard. These easier 
curves provide a better field of vision, 
and thus reduce the hazard of collision. 
In broken country, grades and align- 
ment are closely associated and it will 
not be possible to obtain such easy 
curves as 500 feet radius. Perhaps 
some sacrifice of grade should be 
made to alignment. Grades on sharp 
curves should be flattened or com- 
pensated. Reverse curves should have 
an intervening tangent. Curves should 
not extend up to bridges, under passes, 
or road intersections, but in all cases 
there should be a tangent intervening of 
at least 100 feet in length. A longer 
tangent is desirable between curves 
in the same direction. 

In some localities weather conditions 
have an important bearing on location. 
Where snow is a serious factor an 
exposed location may be free from 
drifts and also open to the action of 
sun and wind. Certain exposures on 
mountain roads are advantageous for 
these reasons. Road location near a 
shore line is questionable in a locality 
subject to high wind velocities. Where 
there is an excessive rainfall a ridge 
location may have decided advantages 
over a valley location. 

Deciding location questions where 
natural conditions alone are involved 
usually causes less trouble to the 
engineer than do those where features 
of development are involved. When 
and how much shall a line depart 
from its general course to pass through 
a small city or town to give service 
to an agricultural or industrial com- 
munity is a problem which cannot be 
settled by any determined rule nor is it 
ever settled to the satisfaction of all 
parties concerned. The engineer can 
decide in the beginning that some one 
is going to be disappointed. Traffic 
studies and traffic estimates will prove 
helpful in presenting the advantages 
of several alternate lines. Sometimes 
the problem may be solved by carrying 
the main line on its general course 


and providing a spur or loop into the 
section needing local service. The 
merits of these cases should be care- 
fully considered, as it is often possible 
to combine the local and through 
traffic on one line without increasing 
substantially the distance. This is 
frequently the case where actual con- 
trol points are twenty miles or more 
apart. 

Where steam or electric railway lines 
provide local service through a region, 
it is, as a rule, advantageous to locate 
the highway some distance from those 
other utilities and thus provide trans- 
portation service to communities which 
are not already served. This is usually 
profitable to both the highway and 
the railway, as it leaves each a local 
service and also extends the tran- 
sportation field. 

The necessity of eliminating the 
intersection of railway and highway 
lines at grade is having a decided 
effect upon highway. location. Con- 
sidering that a grade crossing elimina- 
tion by grade separation costs from 
$15,000 to $60,000 it is evident that a 
considerable expenditure can be justi- 
fied in locations which will obviate 
the necessity of intersections at all. 
Engineers should face the question of 
railroad grade crossings squarely and 
adopt every possible means to eliminate 
them. This can usually be effected 
cheaper by location than by any other 
means. One way of eliminating cross- 
ing the railroad to serve a small town 
is to construct a spur or loop from the 
highway across the railway to the 
point desired. Local traffic to the 
town uses a grade crossing but then 
traffic is saved from two crossings. 

If available funds or other complica- 
tions prevent immediate construction of 
grade separations the location should 
be made so as to provide for this in 
the future. It is impracticable to do 
this on crossings which must be made 
in cities. This is one reason for mak- 
ing the crossing outside the city 
wherever possible. Not all grade cross- 
ings on the state highway can be 
eliminated immediately, and where it 
is necessary to accept them, special 
safety means should be adopted. 
Where grade crossings are used the 
location should be placed to provide 
all practicable means to safety for the 
crossing. It is desirable to have: 

(a) Railway and highway crossing 
at an angle of 90 degrees. 

(b) Highway on tangent for 100 
feet or more each side of railroad. 

(ec) Zero grades for 50 feet each 
side of railroad and approach grades 
to these of not more than 3 per cent. 

(d) A field of vision which at a dis- 

(Continued on page 86) 
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COMMON SENSE AND THE PROBLEM OF NITROGEN FIXATION 


combination of promoters had been 
discovered for the iron. There yet 
remained the more difficult task of 
adapting such a catalyst, its method of 
manufacture and its utilization, to 
the needs of a technical process. 
In fact the biggest job came after 
satisfactory combinations and modes 
of preparation had been discovered, 
for it was then necessary to determine 
the relative efficiency and longevity 
of each under a wide range of working 
conditions, including variations in 
pressure, temperature and purity of 
gas mixture. All the investigations 
in this general field are under the 
direction of Dr. Alfred T. Larson, 
chief of the direct Synthetic Ammonia 
Division. 

Figure 12 shows one corner of the 
laboratory devoted to this work. In 
the background on the extreme left 
are four steel cylinders holding the 
mixture of one volume of nitrogen and 
three volumes of hydrogen, at some- 
thing over one hundred atmospheres 
pressure. To the right of these is the 
electric control panel with its delicate 
multiple point pyrometer, and also 
the ammeters and rheostats of the 
internal heating circuits of the various 
bombs, two of which latter are seen 
in their water jackets on the bench, in 
the foreground, just under the group 
of four pressure gauges. 

Figure 13 shows in graphic form 
for various temperatures and pressures 
the concentration of ammonia, which 
would be in true chemical equilibrium 
with the one to three mixture of 
nitrogen and hydrogen. In other 
words, these are the concentrations of 
ammonia, which a theoretically perfect 
catalyst would bring about if the gases 
were passed through it slowly enough 
to let it complete its work. In practice 
it pays better because of larger daily 
production to pass the gases through 
much more rapidly and be content 
with only a partial approach to 
equilibrium. Present commercial prac- 
tice probably reaches on the average 
only about fifty per cent of the equilib- 
rium value. The curves clearly show 
why it is so important to develop 
catalysts which will work under condi- 
tions of commercial operation at the 
lowest possible temperature. No 
particular difficulty is met with in 
finding a catalyst if one is to operate 
at say 550° to 650°C., a range over 
which much of the commercial develop- 
ment and operating has in the past 
probably been done, but to reduce 
this another hundred degrees puts 
very severe requirements on the 
catalyst. While with these better 
catalysts ammonia may still be slowly 
formed at temperatures down around 
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300°C., the practical lower limit for 
ordinary commercial operation with 
the best catalyst now available may 
perhaps fairly be taken as about 450°C. 

As aninteresting measure of progress, 
though one on a purely academic basis, 
it may be mentioned that when Haber 
determined the equilibrium values 
for this reaction over a decade ago, 
the best catalysts he could then 
command allowed him to go only to 
561°C. while with those prepared in 
our labogatory similar measurements 
have recently been extended down 
to 325°C! 

The data thus collected then form 
the basis for the careful study of the 
best operating conditions not only as 
regards selection among the possible 
catalysts, but also as regards pressures, 
temperatures, and even methods of 
gas preparation and purification, thus 
fundamentally determining to a very 
large extent every other feature of the 
process and the equipment. 

For instance, in the matter of 
increasing pressures one might think 
that this would be a question almost 
wholly governed by purely structural 
factors, such as strength of the appa- 
ratus, cost of gas compression, etc., 
but we find as a matter of fact that 
some catalysts, which are quite satis- 
factory at low pressures, fall off 
rapidly in their efficiency as the pres- 
sure increases, while others stand up 
under these conditions far better. 

With change of pressure on the 
other hand, the relative ease and effi- 
ciency of the various methods of gas 
purification before catalysis, and of 
ammonia removal after catalysis shift, 
and so we have in effect a set of 
simultaneous equations as it were, 
with a large number of variables. Some 
of these latter can be given numerical 
values and eliminated by the ordinary 
processes of algebra, but we always 
have left that important and _irre- 
ducible residue, which must finally be 
handled by the application of common 
sense. 

Examples of such are the factors of 
safety and the tolerances to be allowed 
in the design of equipment, and 
questions as to whether a _ given 
adjustment should be left to the con- 
trol of the operator, or fixed at some 
average point once for all, and built 
more or less permanently into the 
apparatus itself. It is on just such 
points as these that the habit of 
thought in the laboratory and in the 
large scale operating plant must nec- 
essarily differ, and their final codrdina- 
tion depends upon the common sense 
of those in responsible charge. 
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Considerations of this nature have 
led us to extend our work at the 
Laboratory well into the field of 
practical engineering, in order to make 
sure that the results we were attaining 
should efficiently connect with indus- 
trial conditions, when the time came 
for their utilization. Mr. F. A. Ernst, 
who served with the Nitrate Division 
of the Ordnance Department through- 
out the design and construction of 
the Muscle Shoals plants, is in charge 
of our Engineering Division, which in 
addition to its responsibility for the 
engineering features of the laboratory’s 
experimentation, has been able to 
render very material service in an 
advisory way to a number of the 
present and prospective manufacturers 
of synthetic ammonia in this country, 
some of whom are constantly codper- 
ating with us on the design and 
development of new equipment. 

About the time that the redesign 
of Plant No. 1 was completed, the 
work of George Claude in France, on 
the use of pressures up to 1,000 
atmospheres, or some five times those 
used in the German plants, began to 
attract general attention, and experi- 
ments with the catalysts made by the 
Laboratory were begun, using pres- 
sures above the 100 atmospheres to 
which the present Plant No. 1 is 
restricted. 

Figure 14 shows some of the appara- 
tus already used in this work to measure 
catalyst performance and study other 
reactions involved in the process up 
to 1,500 atmospheres, and it is planned 
to go to still higher pressures with 
these tests. The vertical cylinder in 
the foreground is of steel, 12 inches in 
external diameter and having a three- 
inch bore. This is initially filled with 
water, which is then displaced by the 
hydrogen-nitrogen mixture, being ad- 
mitted under 200 atmospheres pres- 
sure through a valve at the top. When 
the bore is nearly filled at this pressure, 
the gas valve is closed and water is 
pumped in from beneath by the 
hydraulic pump seen behind and to 
the right of the cylinder. By using 
a similar cylinder as a storage reservoir 
and carefully controlling the speed of 
the pump, a very steady flow of gas 
at practically any desired pressure 
can be maintained from this system. 

The studies already made at the 
Laboratory tend toward the conclusion 
that higher pressures than those used 
at Sheffield (just under 100 atmos- 
pheres) or even in German plants (200 
atmospheres) are desirable and expedi- 
ent, at least where the construction 
of new plants is under consideration. 
This naturally opens up new problems, 
both of a chemical and an engineering 
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nature. One of these is the feasibility 
of working out a practical design for 
plants, if possible down to a capacity 
of say, one ton of ammonia per day. 
The use of higher pressures is partic- 
ularly significant in the design of small 
plants because of the question of heat 
balance. In the 100 atmosphere seven 
and one-half ton units at Sheffield, very 
considerable preheating, of the gases 
by extraneous fuel before they went 
to the catalyst bomb was necessary 
in order to maintain the heat balance 
in the latter. In the 200 atmospheres 
20 ton German units, thermal equilib- 
rium is naturally more easily main- 
tained, because the higher pressure 
means a higher percentage conversion 
and hence more heat developed per 
unit of gas passed, and both the higher 
pressure and larger capacity of unit 
decrease the ratio of conducting and 
radiating surface to volume of catalyst 
chamber. But if we are to decrease 
the capacity of the unit, then increase 
of pressure will be all the more im- 
portant as a compensating factor. 
The particular interest in these small 
units arises from the fact that there 
are a number of places in this country, 
where electrolytic hydrogen, of very 
good purity, is going to waste in 
sufficient quantity to supply plants 
of this size. The total output from 
such plants might be entirely insig- 
nificant as far as the fertilizer situation 
was concerned, and in fact, if their 
product had to be sold at fertilizer 
prices, they would hardly pay as a 
commercial proposition, but as they 
could be so designed as to furnish a 
very pure quahty of liquid anhydrous 
ammonia direct, and for this there is 
a good market in the refrigeration 
industry at very much higher prices 
than for fertilizer ammonia, this pre- 
sents a particularly good opportunity 
to get the process established in this 
country and information and experience 
concerning it widely disseminated, as 
a basis for future healthy growth, to 
say nothing of its value as a military 
preparedness measure, for of all things 
in this industry what we most lacked 
in the last war were information, 
experience and a trained personnel. 
The industry is responding very 
cordially to this suggestion and designs 
are already well under way for such 
plants up to three tons daily capacity. 
Due to the question of availability 
of standard gas compression machinery 
on the market in this country, most of 
these plants will, at present probably 
not be designed for pressures in excess 
of about 350 atmospheres. But as 
our manufacturers of gas compressors 
find themselves able to supply equip- 
ment at reasonable rates and guarantee 
its performance at higher pressures, 
it is more than likely that a develop- 
ment in this direction will be apparent, 
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as it presents a number of advantages 
and the difficulties to be met are 
mostly such as modern engineering 
practice is constantly and progressively 
overcoming. In this connection it is 
interesting to note that the first instal- 
lation in this country after the war, 
which was at Syracuse, N.-Y., with 
a rated capacity of ten tons per day 
of ammonia, which it is understood 
has been greatly exceeded in practice, 
was designed for approximately 100 
atmospheres, while the latest one to 
be installed at Niagara Falls under the 
Casale patents has a rated capacity 
of eight tons per day and is designed 
for normal operation at 750 atmos- 
pheres. Furthermore duplicates of 
this plant in other parts of the world 
are reported to have been successfully 
operated at 900 atmospheres, with a 
corresponding increase in daily output. 
The compressors and much of the 
other equipment for this plant were 
brought from Italy. This plant, which 
is expected to be in operation within a 
few months, will use electrolytic hydro- 
gen, part of which will be a by-product 
from an adjacent chloride works, the 
remainder being supplied by electro- 
lyzing water specifically for this pur- 
pose. The Syracuse plant on the 
other hand employs hydrogen pro- 
duced through the water gas method. 

None of the ammonia produced in 
these plants is apt to find its way into 
fertilizer as its purity and the form in 
which it is produced adapt it for direct 
use in refrigeration and in the chemical 
industry where it can command higher 
prices, but it will naturally displace 
an equivalent amount of by-product 
coke oven ammonia which was for- 
mally refined for this purpose, and 
this in turn will probably go to 
fertilizer, so after all in the end these 
plants can be considered as having 
their effect, even if small, on the 
agricultural situation. 

As already mentioned over sixty 
per cent of the cost of producing 
ammonia by the direct synthetic 
method is ordinarily chargeable to 
producing and purifying the hydrogen, 
and in the present state of development 
this is undoubtedly the part of the 
process where there is the greatest 
opportunity for further cutting of costs. 
The electrolytic method furnishes a 
very pure hydrogen in one step, but is 
already so near its theoretical limiting 
efficiency as regards power consump- 
tion, which is after all its chief cost, 
that there seems little chance for any 
radical cost improvement here except 
in so far as cheaper electric power can 
be found, and this we have already 
discussed. 

With respect to the production of 
hydrogen from coal or coke and water 
vapor, the outlook is, however, much 
more favorable, and this represents a 
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field of endeavor to which the labora- 
tory is energetically turning its 
attention. Figure 15 shows a part of 
this work under way. 

Let me briefly outline in principle 
the process developed by Dr. C. Bosch 
of the Badische Anilin und Soda 
Fabrik of Ludwigschafen, Germany, 
as originally used at the German 
plants and later installed both at 
Sheffield and Syracuse. Steam is 
passed through glowing coke. The 
oxygen of the water unites with the 
carbon, giving a gas mixture of nearly 
equal volumes of hydrogen and carbon 
monoxide with a few per cent each of 
carbon dioxide and nitrogen. This is 
mixed in proper proportions with 
ordinary producer gas, consisting 
chiefly of nitrogen with twenty to 
thirty per cent of carbon monoxide 
and smaller proportions of hydrogen, 
carbon dioxide, methane and argon. 
Steam is added and the mixture passed 
through suitable heat interchangers 
and a hot catalyst, which has usually 
consisted of iron oxide containing small 
amounts of chromium and cerium. 
Here the water vapor and carbon 
monoxide react to give hydrogen and 
carbon dioxide. The gas now consists 
of hydrogen and nitrogen in the 
approximate proportions of one to 
three mixed with about thirty per cent 
of carbon dioxide, two to four per cent 
of carbon monoxide, and up to possibly 
one per cent of other impurities, 
including the argon group, hydro- 
carbons, sulfur compounds, ete. 

All of these, save the argon group and 
the hydrocarbons, but including water 
vapor, must be most carefully removed, 
for even minute traces of any of them 
very seriously diminish the activity of 
the ammonia catalyst. The carbon 
dioxide has usually been removed by 
solution in water under high pressure, 
and the carbon monoxide, together 
with the other objectionable impurities, 
later removed by treating the gas with 
an ammoniacal solution of copper 
carbonate, or formate, also after the 
gases were under high pressure and on 
their way to the catalyst bombs. 

The ammonia formed in the latter 
must then be removed while the gases 
are still under pressure, either by 
refrigeration or by absorption in liquids 
or solids, and the residual uncombined 
hydrogen and nitrogen, recirculated 
through the catalyst bomb, or as in the 
Claude system passed on through a 
series of bombs with successive 
ammonia removals between them. 

From the complexity and _ inter- 
relation of these different steps in the 
process as a whole, which have here 
been sketched, of course in the merest 
outline, you can readily understand 
what a fruitful field is presented for 
further simplifications and economies, 

(Continued on page 80) 
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INSECT CONTROL, ANCIENT AND MODERN 


The sucking insects that attach 
themselves to their hosts for life are 
best controlled by sprays of soap and 
oil emulsions when found on vegeta- 
tion and by sprays or baths of phenol 
emulsions or sulphur dusting when 
found upon animals. A mildly corro- 
sive wash of lime-sulphur is effective 
against scale insects upon dormant 
vegetation. In extreme cases where 
absolute freedom from insects is essen- 
tial, as with shipments of nursery 
stock, fumigation with potassium 
cyanide is required. 

The group of insects requiring the 
greatest variety of control measures 
is that whose members come to suck 
upon their victims every little while. 
Who would not hunt long and hard 
for a lone mosquito to be rid of his 
attentions for the remainder of the 
night? Many a cup of kerosene has 
been held against the ceiling for the 
sake of flyless awakenings. Kittens 
have lost much fine fur on fly-paper 
spread in the hope of preventing a fly 
parade upon the cake. Thousands of 
yards of cloth and metal screening are 
woven every year to accomplish these 
and similar ends. 

The wholesale control or rather 
prevention of this type of pests con- 
stitutes an engineering problem that 
has practically created several branches 
of the engineering professions. Because 
the primary stage of the mosquito is a 
wriggler living in still water, good land 
drainage and clearcut shores around 
bodies of fresh water are of the utmost 
importance in the control of mos- 
quitoes. The frogs which dine a bit 
upon the mosquito population are 
symptoms of the boggy conditions 
which favor mosquitoes rather than 
important factors for their control. 
Oiling the surface of standing water 
prevents the water insects from laying 
their eggs and smothers their young. 
When not applied soon enough to 
prevent laying, it clogs the breathing 
pores of either the adults or the 


Then followed the world war, which 
has had its effect upon every human 
being fin the civilized countries of the 
world and has introduced economic 
problems. It means that the great 
industries of our country will have 
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larve. It is not so permanent a 
preventive, however, as good drainage 
and wave action. 

Sewer systems, garbage disposal 
plants, fly-tight and fly-trapped recep- 
tacles for garbage, sewage and manure, 
cold storage, clean dairying, clean 
gardening, clean housekeeping and 
clean town-keeping, are the preventive 
measures in fly control. 

The struggle to keep insect pests in 
control requires the coérdination of a 
multitude of human activities. A new 
and most striking illustration of this 
fact is afforded by the recent invasion 
of North America by the European 
Corn Borer. This pest lives and does 
its damage inside the stalks and ears of 
corn. It also feeds upon a large 
number of the coarser kinds of garden 
truck and flowers as well as upon 
similar field and pasture weeds. It 
spends the winter in the stalks of any 
of these. The destruction of this pest 
is accomplished by feeding infested 
fodder plants to live stock, or by 
crushing, fermenting or burning the 
stalks of infested plants before the 
borers develop into the moths that 
lay the eggs from which more hatch. 
In a word, it is done by practising clean 
agriculture. Anything which inter- 
feres with clean agriculture is an aid 
to this pest. It may be a _ boggy, 
rushgrown backwater from a power 
project, a neglected railroad embank- 
ment, an old gravel pit, a slashing 
made in careless lumbering, an 
unforested burn, an _ undergrazed 
pasture, an area grown up to a kind 
of tree which is stripped frequently by 
some forest pest like the gipsy moth 
or on which the trees are being killed 
by some controllable fungus disease, 
an abandoned farm or a vacant lot 
held for speculation that furnishes a 
growing place for the weeds in which 
this pest thrives. 

From wars and panics to decadent 
systems of taxation and plain human 
shiftlessness, there is nothing which 
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almost insuperable competition from 
foreign countries; the railroads of our 
country are no longer able to handle 
their tonnage; the central station has 
grown from the little power house of 
perhaps a few kilowatts to the enormous 





leads to the neglect of land by dis- 
couraging improvement and care, that 
is not an aid to such insects. Economic 
policies which promote the permanent 
upbuilding of agriculture, industry and 
commerce; forest policies which 
provide for the development of perma- 
nent forests by careful management; 
power reservoirs which have finished, 
boggless, forested margins; town plan- 
ning which avoids the cutting up of 
farm lands into speculative building 
lots before their day has come, are 
quite evidently if not as specifically 
pest control measures as the garden 
bonfire or the power sprayer. 

It may seem a long way from tariff 
tangles to the bands of gummy 
tanglefoot put around trees to prevent 
caterpillars from climbing back after 
falling out or spinning down, but to 
get back to practical ways and means 
of controlling insects, consider the 
fact that a piece of burlap tied around 
a tree from the first of July to mid- 
August will act as a nursery for a 
squad of the larve of the calosoma 
beetle and protect them from the birds 
while they themselves live high upon 
the troups of gipsy moth larve that 
seek the genial shade of the burlap 
after a hard night’s chewing in the 
tree tops. Consider, also, that a 
piece of suet, enclosed in a coarse 
wire basket to protect it from crows 
and squirrels, tied to a branch in a 
sheltered sunny spot above the reach 
of cats, will attract flocks of winter 
birds who will pay for that dainty 
many times over by eating insect eggs 
in the vicinity. With these things 
in mind, it may become a little 
clearer, why men of old who had 
become anxious over the events of 
their time went out into the wilderness 
to live upon locusts and wild honey. 
Who knows but what they did big things 
in the line of insect control at that? 

At any rate they came back with 
some long-lived bees to put into the 
ears of their contemporaries. 


generating stations of today of hundreds 
of thousands kilowatt capacity; electric 
power is being distributed over greater 
areas and companies are being inter- 
linked with others, raising new problems 
which must constantly be solved. 
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— and still they say 
college men don’t study! 


The critic who charges college men with lack 
of diligence never heard a freshman repeat his roll 
of fraternity chapters without a slip, or a senior 
dilate on the life history of every football captain 
from 1890 on. 


Ofcourse this takes study—sometimes too much 
study. The student must be cautioned against 
the mental strain resulting fror concentration on 
too limited a field of thought. 

It is a good thing to specialize, but not to the 
extent of becoming narrow. If it is right for the 
man who concentrates on engineering to be up 
on his campus activities, it would seem right for 
the man who is quoted on the history and phi- 
losophy of Comparative Baseball Scores to have 
some knowledge of the chemistry and thermo- 
dynamics from which he expects to make his living. 

For it is still true that in industrial councils the 
talk sometimes swings from batting averages to 
coefficients of expansion and the hysteresis losses 
in iron. 

This is all a matter of balance, and satisfactory 
mental balance is a means to an important end— 
satisfactory bank balance. 
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GREAT GATHERINGS AT TECHNOLOGY 


eighteen months of preparatory work 
in the Review, which in those days 
he edited as well. The chief credit 
for the memorable reunion, therefore, 
is gladly paid by all who had anything 
to do with it to Ike Litchfield. 

The new buildings were rushed to 
completion for the great week. A 
historical exhibit covering fifty years 
of the Institute’s life was installed 
under the direction of James P. 
Munroe and opened on the first day 
of the celebration, on the afternoon 
when the cornerstone of the Walker 
Memorial was laid. To accompany 
these events the Navy Department, 
codperating with nautically and aero- 
nautically minded alumni, staged a 
regatta of power boats, small navy 
boats and miniature battleships in 
the Basin, while airplanes and _bal- 
loons circled in the sky above. That 
morning, after formal registration, 
Mr. Munroe had delivered the formal 
address of farewell to the Rogers 
Building, a beautiful tribute to the 
spirit of the old Technology that the 
building represented. 

Tuesday, a perfect day after the 
rain of the day before, saw five thou- 
sand people, men and women and 
children, at Nantasket in the greatest 
parade and stunt day any college ever 
had, nearly every class beingrepresented 
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with stunts appropriate to the gala 
occasion of moving day. That evening 
was given the Pageant, the Masque 
of Power, the conquest of the forces 
of nature by man, his rise to civiliza- 
tion, his imminent destruction by War 
and his saving by the spirit of Edu- 
cation and her sister arts, followed by 
a great historical progress of humanity 
through the ages. This pageant, de- 
vised by Ralph Adams Cram the 
architect, directed by Thomas Wood 
Stevens and Virginia Tanner, and 
acted by undergraduates, was the 
artistic climax of the celebration, 
bodying forth in the form of art and 
symbol all that Technology has ever 
stood for in life and education. It was 
compared more than favorably with 
the professional pageant “Caliban,” 
given about that same time in New 
York in celebration of Shakespeare’s 
Tercentenary. 

The official great day, however, was, 
of course, Wednesday, when in the 
afternoon the new buildings were 
dedicated with elaborate academic 
ceremonial, with speeches by Governor 


McCall and Senator Lodge. That 
evening Symphony Hall saw the 
greatest Technology § dinner ever 


staged, with fifteen hundred dining 
together and, afterward, joining with 
alumni in thirty-four cities m a 


nation-wide telephone demonstration, 
by which the speeches in Symphony 
Hall were heard by alumni all over 
the country, it being the most com- 
plete demonstration of the possibilities 
of the telephone staged up to that 
time and in some respects never 
equalled. At the time it was con- 
sidered marvelous, as indeed it was. 
The dinner was also notable for the 
announcement made by Doctor Mac- 
laurin of some three millions in addi- 
tional gifts to the Institute, a finish to 
the celebration that aroused, perhaps, 
the greatest enthusiasm of all. 

There is not space to speak of the 
other features of that unique reunion. 
The steamer Bunker Hill on which the 
New York alumni traveled up on 
Sunday evening; the Bucentaur mod- 
elled on the Doges’ Barge of Venice, 
in which Faculty and Corporation 
crossed the Charles to the Pageant, 
bearing with them the seal and great 
seal and records of the Institute, to 
the accompaniment of music and 
thunderous fireworks and bombs; the 
solemn farewell to Rogers when the 
alumni marched down from their 
smoker at the City Club and cheered 
and sang before the old building, 
beautiful that evening with decora- 
tions and colored lights; the women’s 
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HE newest books on technical and 
scientific subjects, published by 
John Wiley & Sons, and McGraw-Hill 
Book Company, are sent to us as soon 
as they are off the press. We should 
be glad to have you come in and look 
them over. 


Our stock of Drawing Instruments is 
selected from the most famous manu- 
facturers — Alteneder, Keuffel & Esser 
and Schoenner. These range in price 
from $36.75 to $5.00. 


The Keuffel & Esser slide rules are 
standard. Those most commonly used 
at M. I. T. are the Polyphase, Poly- 
phase Duplex, and the Log Log Slide 
Rule. We can supply these rules from 
stock. Prices quoted on request. 


We are the natural source of supply 
for Drawing Boards, T Squares, Tri- 
angles, Drawing Ink, Tracing Cloth 
and Paper. We specialize on merchan- 
dise used in technical training. 


At your service. 


TECHNOLOGY BRANCH, H. C. S. 
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N IMPRESSIVE FIGURE 

in the field of technical edu- 

cation is Dean P. F. Walker, head 

of the Engineering School of the 
University of Kansas. 

With keen personal interest Dean 
Walker has watched the progress 
of the engineers whom he has 
trained. And he has noticed that 
in a very short time after their 
graduation they have separated 
themselves into two distinct groups. 

The majority, adding nothing to 
their technical training, have grad- 
ually settled down into the rut of 
a specialized job. 

The others have come to realize 
that without business training, 
technical training carries a man 
just about so far, and no farther. 

But how can a technical man 
secure the distinct and profitable 
advantage of business training? 
The best answer to that question 
which Dean Walker has been able 
to find is the Alexander Hamilton 
Institute. 

In a recent letter he wrote: 


The danger of specialization 


“For the young engineer who has left 
school and gone into some position where 
his time is filled with technical matters 
associated with his job, it is of the utmost 
importance that the Business Course of the 
Alexander Hamilton Institute should be 
brought to his attention. 

“From my own past experience I know 
there is a tendency to let down and to per- 
form only the routine work called for on 
the job. This is the most dangerous thing 
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Why do so few engineers 
win to the top 


—while so many are lost in the crowd? 


P. F. WALKER, Dean of the Engineer- 
ing School of the University of Kansas 


On this page, Dean Walker 
answers the most pressing 


question that challenges the 
young engineer graduate 
today. 





that can befall a young engineer graduate. 
The Modern Business Course becomes a 
continual challenge and stimulus, impelling 
him to go on with his work in lines that 
will supplement the technique of his engi- 
neering job. J recommend tt without qualifica- 
tion to all men who graduate from this school.” 

Rather a startling statement, 


coming from such a man, isn’t it? 


But put it to the proof yourself. 
Look about you, and in case after 
case you will find the specialist in 
a subordinate position, while at 
the head of the business is a man 
who may know less about each 
department than the department 
heads, but whose all-round knowl- 
edge of business fits him to direct 
their activities. 


What the Institute does 


When Mr. T. H. Bailey Whipple 
was Director of Education for the 
great Westinghouse Electric and 
Manufacturing Company, he said: 


“I know of no other preparation that 
equals your Course for fitting a man to grasp 
his opportunity and succeed init 
when it comes. 


“If conscientiously pursued, 
your Course, coupled with one’s 
daily problems and activities. un- 
questionably does for men what 
experience and native ability | 
alone can never do.” 


In a few words, this is what the 
Institute does: 

It takes a man in any depart- 
ment of industry, technical or cler- 
ical, and gives him a working 
knowledge of all the other depart- 
ments. In ‘a few months of inter- 
esting reading, it gives him a con- 
ception and understanding of busi- 
ness as a whole which ordinarily 
he could gain only after years of 
actual experience. Automatically 
it lifts him out of the class of men 
of which there are too many, 
into the class of which there are 
too few. 


Send for this book 


Technical men find much that is 
interesting and valuablein the Insti- 
tute’s descriptive book, “‘A Definite 
Plan for Your Business Progress.” 
It gives all the factsabout the Mod- 
ern Business Course and Service, 
and tells what it has done for over 
20,000 other technical men. More- 
over, it contains an interesting 
chart whereby you can measure, 
by weeks and months, the future 
advancement which you can attain. 

This booklet will be sent you 
gladly, and without the slightest 
obligation. If you have ever asked 
yourself, “Where will J be ten 
years from now?’—send for it. 


This coupon will bring you the facts 


| Adee HAMILTON Institute | 
| 86 Astor Place 


New York City | 


Send me the book, “A Definite 
Plan for Your Business Progress,” 
which I may keep without obligation. 
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GREAT GATHERINGS AT TECHNOLOGY 


dinner; the testimonial dinner to 
Orville Wright; the undergraduates’ 
part in the celebration; and last but 
not least, the July issue of the Tech- 
nology Review, in two volumes, illus- 
trated with hundreds of cuts, which 
Litchfield published as the most com- 
plete record in detail possible of the 
celebration and the class reunions. 

It had been planned to have another 
large congratulatory reunion after the 
successful completion of the Endow- 
ment Fund of ten million dollars, but 
the tragic death of Doctor Maclaurin 
made that impossible. Nevertheless, 
in June of 1920, a modest two-day 
gathering was held, combining a 


serious discussion of Technology ways 
and means with an eloquent and 


(Continued from page 76) 


affecting memorial service to the dead 
chief, marking with fitting solemnity 
the end of one era for Technology, in 
which one man had done so much of 
such lasting value, and marking equally 
the uncertain beginning of another, 
with an assured endowment but no 
great leader to administer it. 

Another gathering of considerable 
importance was the first meeting of the 
Tech Clubs Associated, in New York, 
in 1913, when for the first time repre- 
sentatives of Technolgy Clubs from 
all over the United States gathered in 
a business session to discuss matters of 
interest to us all and to show the 
Boston leaders that the rest of the 
country felt its opportunities and 
obligations just as seriously as we do 


here. That meeting and the recent one 
in New York are equally memorable; 
and the other meetings of the Tech 
Clubs Associated at intervals since, in 
Chicago, Pittsburgh, Cleveland, and 
Philadelphia have been of considerable 
importance in welding Technology 
spirit more firmly. 

All these gatherings, therefore, the 
great and the small, the elaborate All- 
Technology affairs, the smaller, more 
serious gatherings of the Tech Clubs 
Associated, and even the recurring 
class reunions from June to June have 
been of the greatest importance in 
raising the Alumni Association, in a 
short score of years, from a weak, 
unorganized, uninformed body of al- 
umni to one which for numbers, 















strength, influence, and, above all, 
enthusiasm and constructive ability 
ranks favorably among the _ great 
alumni associations of the great uni- 
versities of the country. The reunions 
have been a means to an end rather 
than an end in themselves, no matter 
how pleasant and inspiring in them- 
selves, and that end is the assured 
continuance of Technology as_ the 
greatest school of its kind in the 
country and, perhaps, in the world. 
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The 
Engineering College Magazines 
Associated 


An organization of the eighteen leading college 
technical journals of the country; it was founded 
for the purpose of raising the standards of college 
engineering journals and in this way serving to 
better advantage the alumni and undergraduate 
engineers, and the advertisers desiring to reach this 
field. 

There are twenty-five thousand subscribers eager 
to know all about the latest developments in 
commercial engineering to whom no better or more 
pleasing approach can be made than in their own 
college magazine. There are fifteen thousand student 
subscribers anxious to know and understand the 
concerns they will be affiliated with when they 
graduate. 

Tue Tecnu ENGINEERING News, as founder of 
this group, stands ready to cooperate with any 
engineering concern desirous of reaching the most 
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VERY ton of coal mined to provide 
power for industry and heat for the 
home is mined by explosives. 


As the ‘‘cage’’ superseded the hand windlass 
in the mine, and electricity replaced man and 
mule haulage—explosives shoot down the coal 
formerly mined entirely by hand labor. This 
great labor-saving power has been a factor of 
tremendous importance in industrial progress. 


Various kinds of explosives are used in mining 
coal. The type of mine and the character of 
the coal determine the selection. In compar- 
atively dry mines where neither gas nor dust 
occurs in dangerous quantities, blasting pow- 
der is used. Du Pont Blasting Powder is used 
more than any other in mines where this type 
of explosive is employed. ‘‘Permissible’’ dyna- 
mites, tested and passed by the U. S. Bureau 
of Mines, are employed in gaseous and dusty 
mines. 


Over a century of research and experiment have given 
the du Pont Company leadership in explosives produc- 
tion. Du Pont Monobels, Duobels and Carbonites are 
superior permissibles for shooting coal. They give off 
a low flame of short duration and low temperature 
suitable for mines where gas and dust are present, and 
produce much less fumes and smoke than blasting 
powder. Certain types of these permissibles are ex- 
tremely resistant to water and do not freeze even in 
the lowest temperatures. 


Du Pont makes an explosive especially designed for 
every type of work. Backed by superiority of product, 
du Pont technicians, through their wide experience, are 
enabled to offer advisory service in the solution of blast- 
ing problems in every industrial field. 


E. I. DU PONT DE NEMOURS & CO., Inc. 
Explosives Department 
WILMINGTON, DELAWARE 
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Good Engineering 
Simplifies Production 


‘THE engineer who brings truly complete 

capacity to his task, bears always in mind 
the value of accessibility of materials and 
parts. 


That is why so many engineers select the 
bronze bushing bearings from Bunting’s stock 
list of two hundred and sixty-nine sizes of 
The 


‘“Ready Made” 
reason being — 


Bushing Bearings. 


‘“‘ They’re always in stock” 


THE BUNTING BRASS 
BRONZE COMPANY 


TOLEDO, OHIO 


Branches and Warehouses at 


NEW YORK BOSTON 
245 West 54th Street 36 Oliver Street 
Circle 0844 Main 8488 
PHILADELPHIA CHICAGO f 
1330 Arch Sireet 722 South Michigan Avenue } 
Spruce 5296 Wabash 9153 


SAN FRANCISCO 
198 Second Street 
Douglas 6245 


CLEVELAND 
710 St. Clair Avenue N. E. 
Main 5991 
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COMMON SENSE IN THE PROBLEM OF NITROGEN FIXATION 


particularly perhaps, in the ingenious 
combination of steps to serve multiple 
purposes, not only in the process itself, 
but in fitting it into the place in the 
whole industry. 

Thus, just by way of illustration, 
can we use the carbon dioxide, which 
we must remove as a by-product, to 
take the place of the sulfuric acid 
otherwise needed to put the ammonia 
in form to ship as fertilizer? Much 
study is being given this very problem, 
both at home and abroad. Neither 
ammonium carbonate or carbamate 
are themselves suitable as fertilizer 
ingredients, but may be converted 
into the ideal fertilizer, urea, by heating 
in an autoclave. However, this reac- 
tion again does not run to completion 
in one treatment, resembling in this 
the ammonia synthesis itself, and 
though it has already been extensively 
developed on a commercial scale in 
Germany, has not yet brought the 
cost of urea down to where it can 
compete with ammonium sulfate as a 
fertilizer. The cost, however, lies 
in the operation and not in the raw 
materials, so there is still free play 
for the exercise of ingenuity and 
other aspects of common sense on the 
problem. 

Time does not permit me to more 
than touch on the possibility of secur- 
ing our hydrogen from the great 


Blasting Supplies that 
cut blasting costs 
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reservoir of this material already 
existing in the lean gas of our by- 
product coke ovens. This is a whole 
chapter in itself which thus far has 
been chiefly exploited by Claude in 
connection with his high pressure 
ammonia synthesis plants in France. 
Its significance lies, not alone in the 
very good prospect for cheaper hy- 
drogen, but also in the stimulus it will 
give to technical development in 
extremely low temperature engineer- 
ing, a too long neglected field of much 
economic promise; and likewise the 
effect it would have in further stabiliz- 
ing both the by-product coke and the 
nitrogen fixation industries by thus 
linking them and making it possible 
gradually to develop uses for the other 
by-products which could be inciden- 
tally extracted from the coke oven gas 
by the same liquefaction and distilla- 
tion process which would be required 
to separate the hydrogen. In another 
decade or two the public may have 
quite correctly come to think of 
nitrogen fixation as even more closely 
connected with coal and the coke oven 
industry than it now associates these 
undertakings with water power. 

In what has been said today we 
have, of course, only touched a few 
of the high spots in this great subject 
of nitrogen fixation. I have purposely 
tried to avoid technicalities as far as 


ADE of the finest materials obtainable, made by the 
most expert of workers, made with the utmost care 

and inspected under one of the most rigid inspection systems 
known—Atlas Blasting Supplies are certain to enhance the 


effectiveness of blasting work. 


Let the Atlas Service Man help you to determine what par- 
ticular forms of Atlas Blasting Supplies will give the best 


service and save the most money on your work. 


nearest branch. 


Write 


ATLAS 


Blasting Supplies 


Always Dependable 


ATLAS POWDER COMPANY 
WILMINGTON, DELAWARE 


Branch Offices: 
Allentown, Pa.; Bir- 
mingham, Ala.; Boston, 
Mass.; Charleston, 
W. Va.; Chicago, IIL; 
Des Moines, Iowa; 
Houghton, Mich.; Jop- 
lin, Mo.; Kansas City, 
Mo.; Knoxville, Tenn.; 





Branch Offices: 
McAlester, Okla.; New 
Orleans, La.; New York 
City, N. Y.; Norristown, 
Pa.; Philadelphia, Pa.s 
Pittsburg, Kans.; Pitts- 
burgh, Pa.; Pottsville, 
Pa.; St. Louis, Mo.; 
Wilkes-Barre, Pa. 


National 


possible. If I have in any measure 
succeeded in awakening your interest, 
and in laying a basis from which you 
can get your bearings and make your 
approach in a common sense way to 
this fascinating field of scientific ad- 
venture, I shall have accomplished my 
purpose. 
“+4hb+ 

Illinois and Iowa Could Feed 
Nation. Two states, Illinois and Iowa, 
have productive possibilities sufficient 
to feed the nation, maintain a surplus 
and still not exhaust the fertility of 
the soil, was the declaration of James 
R. Howard, president of the National 
Transportation Institute. 

Mr. Howard held that greater effi- 
ciency, better equipment in machinery 
and buildings, better directed labor 
due to agricultural education and 
better varieties of grains, fruits and 
livestock were enabling the modern 
farmer to keep step with America’s 
increased population with less farm 
labor than was required in the past. 

Mr. Howard’s address pointed out 
that urban population has increased 
forty per cent in the last two decades, 
where farm population has increased 
only four per cent. Intensive and 
intelligent cultivation and a division 
of activities as well defined as in other 
industries characterize modern farm 
methods. 
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Don’t trust to luck any 
longer. 
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Electric Specialty Co. 
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Harnessing 


Niagara Falls 
for the 
First Time 


What Engineering 
Owes to Faith 


HE pioneer harnessing of Niagara Falls in 1892, 

like all great engineering feats, was the result of 
the co-operation of many able and constructive 
minds. There were no “older engineers” on this 
work,. with younger assistants, as is now common, 
because there were no “older” engineers then. All of 
them were young men in a young business, optimistic, 
enthusiastic and willing to take long chances. 


The original Niagara installation represented prog- 
ress based largely on faith because there were many 
features of construction proposed at that time which 
Westinghouse Engineers refused to accept, and which 
time has shown to be utterly impracticable. 


Thus, in effecting a compromise, the three funda- 
mental features of heating, insulation and regulation 
of the 25-cycle machines as built, were vastly different 
from the original designs. Time verified their judg- 
ment, the ten original generators operating success- 
fully for more than a quarter of a century. 


Looking back, it is gratifying that those young men 
served engineering so courageously, because truly it 
was an undertaking that taxed their faith to the limit. 


Westinghouse 
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CASCADE MOTORS 
(Continued from page 45) 


the most adverse conditions is almost 
entirely absent. 

The amount of excitation required 
by these machines is very small. 
The rotor winding is equivalent to 
two windings, one producing eight 
poles and the other four. The latter 
has practically half the number of 
bars of the former. 

A slip-down effect is thus produced 
as the rotor current produces twice 
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as many ampere turns in the eight- 
pole element as it does in the four-pole 
element of the winding. The result 
is that the exciter is reduced to 
approximately half the size of that 
required by a twelve-pole motor of 
the ordinary type. 

Although the cost of installation 
may be a little higher than with other 
types, the fact of being able to reduce 
the peak load some twenty-five per 
cent and the units consumed per wind 
some twenty per cent will appeal to 
the engineer. 


W. A. WOOD COMPANY 


Established 1868 
373 ATLANTIC AVENUE, BOSTON, MASS. 
‘“‘The Right Oil for the Right Place’’ 
With more than a half century of practical experience in 
adjusting oils to the special conditions under which they are 
to be used in individual plants. 


~W. A. WOOD COMPANY 


373 ATLANTIC AVENUE 


Lubricating Oils and Greases for all purposes 


ON/> 


NS 
y © 


The Standard for Rubber Insulation 
RUBBER COVERED 


and 


VARNISHED CAMBRIC 
WIRES & CABLES 


are made with especial 
regard for QUALITY. 


Very severe electrical and physical tests are made 
on all varnished cambric prior to its use, and special 
attention given the wrapping of the varnished cam- 
bric tape to produce a hard, firm wire or cable, free 


from wrinkles. 


Full details in Handbook—Send for it. 
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Agents 
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Novelty Electric Co., Philadelphia, Pa. 


Pettingell-Andrews Co., Boston, Mass. 
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Value of Broadcasting. Educa- 
tional institutions and newspapers 
have recognized the value of broad- 
casting, it is indicated by the February 
Radio Service Bulletin, issued by the 
Bureau of Navigation of the Depart- 
ment of Commerce. And there is an 
increasing number of churches which 
have found the radio an effective aid 
in their work. 

The latest list of stations broad- 
casting weather reports, music concerts 
and lectures shows ninety-five broad- 
casting stations connected with univer- 
sities, colleges, and other schools. 
The same directory lists forty-six 
newspapers or publishing houses which 
have their broadcasting stations; while 
twenty churches are shown in the 
lists. 

This does not, however, include 
a number of churches whose services 
are broadcasted through some other 
station, it was pointed out. Three 
of the broadcasting stations are 
handled by national guard regiments 
of as many states. Two states 
have broadcasting stations for their 
bureaus of markets, while nine munic- 
ipalities, chambers of commerce or 
boards of trade have broadcasting 
stations, part of these being used 
for city police forces, and some others 
being community affairs. 
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Tue full, rich tones of the opera, 

the soft cadence of the violin, or |fg 
the pure quality of the human 9h 
voice are faithfully reproduced in {ff 


the volume best suited to 
your living room by 


KNOTT’S 
LOUD SPEAKER, 


Ask your dealer or address 


L. E. KNOTT 
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Cambridge, Mass. 4 
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Big Business is 
Built On Kreolite Floors 


As the soil is the producing part of a farm, so the floor is 
the producing surface of every factory. 

Kreolite Floors are laid with the tough end grain uppermost. 
Once down, your flooring problems are permanently at an end. 


These blocks, protected from decay and wear, are the 
foundation of successful production in all lines of business: 
machine shops, foundries, warehouses, bakeries, paper mills, 
tanneries, roundhouses, stables, etc. 

Groaning loads simply compress the wood fibre, making 
the blocks tougher and stronger. 

Through the Patented Grooves, the Kreolite Filler binds 
the blocks together into a unit of strength, making a floor 
that is warm, resilient and easy on workmen’s feet. Wear — 
tear — heat — cold — moisture — acids — no matter what 
the need in your factory, Kreolite Floors meet it. 


You can resurface old or worn floors with Kreolite Blocks 
without interfering with production. 
Let our Kreolite factory engineers study your factory floor 
needs, gratis. Write for booklet. 


KREOLITE REDWOOD FLOORS 


California’s famous Redwood Trees supply the 
material for Kreolite Redwood Block Floors. Under 
the Kreolite Process of Manufacture and Installation 
these Floors offer a polished smoothness that is especially 
adapted to the textile and other industrial lines re- 
quiring utmost cleanliness. Kreolite Redwood Floors 
are odorless, durable and fire-resistant — they radiate 
comfort and warmth. They are also suitable for 
department stores, hospitals, armories, schools, store 
rooms, office buildings, etc. 


The Jennison-Wright Company 
79 Kreolite Building 
Toledo, Ohio 
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THE PERIODIC REVERSAL OF THE MAGNETIC POLARITY OF SUN-SPOTS 


whirl shows no definite connection with 
the polarity of the spots. Our data 
are still insufficient to determine with 
certainty the sign of the dominant 
charge in spots, but there is no evidence 
that the sign of this charge depends 
upon the latitude or the sun-spot 
cycle, or that it is different in different 
spots. Thus the simplest way to 
account for opposite polarities is to 
assume opposite directions of whirl 
in spot vortices having the same 
dominant charge. 

Sun-spot vortices thus differ widely 
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in behavior from terrestrial cyclones, 
hurricanes, and tornadoes, which are 
said always to whirl in the same 
direction in the same hemisphere. 
The whole problem of the internal 
circulation of the sun seems to be 
involved, and there is an excellent 
opportunity for research on the part 
of theoretical physicists, skilled in 
the study of hydrodynamical phe- 
nomena. The sun-spot period, taken 
as usual to represent the fluctuations 
in the number or area of the spots, 
is about 11.1 years. But if the 
period is defined as the interval between 
successive recurrences of spot zones of 
the same polarity, it is now seen to 
be about 22 years. 


Nothing has been said in this article 
about the law of storms in the hydrogen 
atmosphere above sun spots, which is 
still under investigation. As for the 
general magnetic field of the sun as 
a whole, it may be well to add that its 
polarity (which is the same as that 
of the earth) does not reverse at 
sun-spot minima. Perhaps it should 
also be mentioned that variations in 
terrestrial magnetism, though closely 
related to the state of the sun, are 
certainly not directly due to variations 
in solar magnetism. They are more 
probably caused, like the aurora, by 
electrified particles shot out from the 
violent eruptions that frequently occur 
in disturbed regions near sun spots. 


THE PATENT SYSTEM IN RELATION TO INDUSTRY 


(Continued from page 67) 


the field is wide open for the. engineer 
and the designer and the skilled 
mechanic and to every one else. 

It is perfectly surprising how many 
first rate inventors have been poor 
mechanics, many of them having no 
engineering skill or capacity at all, and 
the result is that in a practical sense 
and in so far as the real contribution 
to the public is concerned, the engineer 
who has taken the work of the inventor 
and put it in the right form has played 
an enormous part. 

There is the bell, gentlemen. I am 
nearly through, but there is one 
story I want to tell you because it 
illustrates this general situation on 
which I could talk more or less interest- 
ingly for hours. That is about the 
automobile engine and the flying 
machine engine. I spoke of the fact 
that there were fifteen million tele- 
phones. There are probably as many 
automobiles in this country as there 
are telephones. We have the flying 
machines today; we have a great many 
of them and they have a great future 
in certain directions. I will not say 
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Automobile Sheets, Electrical Sheets, 
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merchants. KEYSTONE quality is of par- 
ticular interest to you. Send for booklet. 
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anything about my views as to their 
commercial success. Those automo- 
biles and those flying machines would 
never have developed to the slightest 
degree if it had not been for the 
development of a small light engine 
of great power. The theory of the 
flying machine I think was understood 
before the Wrights. The theory of 
the automobile was understood before 
Selden. But the situation was hope- 
less. As you know, it is the gas 
engine that has come to the front to 
make those things possible. The gas 
engine with its four cycles was built 
many years ago and it weighed 
eighteen hundred pounds to the horse- 
power. That was the start, forty or 
fifty years ago. Just think what the 
engineers have done since then with 
that same automobile engine to bring it 
down to ten and one-quarter pounds to 
the horsepower, at the time I heard 
last, as to the best flying machine. 
“+4? 

Potash as a By-Product in the 
Cement Industry. During the war 
active steps were taken at a number 
of cement manufacturing plants to 
recover the potash that escapes from 
the kilns, and the cement industry 
then became an important source of 
potash in this country. A survey was 
made by the United States Depart- 
ment of Agriculture and it was esti- 
mated that the total potash escaping 
from all the cement plants of this 
country amounted to about eighty- 
seven thousand tons annually. Since 
these estimates were made, installa- 
tions have been placed in a number of 
plants for the recovery of this potash, 
and in every case the quantity that 
was found to escape from the kilns 
closely agreed with the estimates that 
had been made during the course of 
the survey. 
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BETTER LIGHTING NEEDED IN INDUSTRIAL 
PLANTS. 


In a paper read before the Illuminating Engineering 
Society, February, 1920, entitled, “A Survey of Industrial 
Lighting in Fifteen States,” R. O. Eastman submitted 
some very interesting data regarding the lighting condi- 
tions in industrial institutions. The survey comprises some 
446 institutions, in which lighting was considered by 55.4% 
as being vitally important, and by 31.6% as being mod- 
erately important, and by 13% as being of little im- 
portance. Practically 58% considered that lighting was 
as important as power in the operation of the plant, and 
a small proportion would give more attention to lighting 
than to anything else. 


In considering the present condition of lighting as 
found in the various plants, only 9% ranked as excellent, 
about % ranked as good, 29% fair, 18.8% poor, 3.5% very 
poor, and 7.8% partly good and partly poor. It was found 
that the lighting in the offices was far superior to that in 
the shops; 19% being excellent, 36% good, 31% fair, and 
only 13% poor and none very poor. 


On consulting the executives regarding what factors 
were most important in considering lighting, the following 
facts were revealed: Increase of production 79.4%, de- 
crease of spoilage 71.1%, prevention of accidents 59.5%, 
improvement of good discipline 51.2%, and improvement of 
hygienic conditions 41.4%. Manufacturers who have good 
lighting appreciated its value largely from the standpoint 
of its stimulating effect upon output. 


There is no question that any intelligent man who 
carefully considers the necessity for good lighting in an 
industrial plant, will agree that it is impossible for a per- 
son to do as good work, either in quality or quantity, in 
poor light as in good light, but yet the result of a careful 
analysis discloses the fact that only about 40% of indus- 
trial plants are furnishing good light to their workers and 
60% are operating under poor lighting. It is hard to 
understand why such a proportion of concerns can be satis- 
fied with a condition which is universally admitted to be a 
curtailer of efficiency and a prolific causer of accidents. 
The principal cause of this condition is that those in charge 
of such establishments have not given the attention to 
lighting that it demands. They do not know what consti- 
tutes good lighting, and in their absorbing interest of 
other factors of production have overlooked a vital one, 


Every safety official should deeply interest himself in 
the lighting of his plant and insist upon good lighting as 
much as good goggles, good guards and other necessary 
accident prevention equipment. Every production manager 
should insist upon good lighting because the efficiency of 
the working force is increased by the condition of the light- 
ing furnished. The plant physician should examine the 
lighting, for eye strain and eye fatigue are directly affected 
by poor lighting, as is the hygienic condition. Well lighted 
plants are invariably cleaner than poor lighted places. 
Plants equipped with Factrolite Glass in all windows are 
well lighted. 


If you are interested in the distribution of light 
through Factrolite, we will send you a copy of Laboratory 
Report—“Factrolited.” 


MISSISSIPPI WIRE GLASS CQ, 
220 Fifth Avenue, 
St. Louis. New York. Chicago. 
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BROWN &7 SHARPE 
MACHINES 


You Should Become 
Familiar With Them 


Milling Machines 
Grinding Machines 
Gear Cutting Machines 
Screw Machines 


Knowledge of our line of manufacture will 
surely be of use to you in years to come—for 
Brown & Sharpe Machines are used in a great 
many industries. In the small repair shop or 
in the largest high production manufacturing 
plant, these machines are being used to do many 
classes of work. The small shop likes their 
versatility and ability to stand up under that 
extraordinary job which often loads the machine 
beyond its rated capacity. The big plant finds 
they give production and a product uniformly 
accurate. Brown & Sharpe Machines are 
ruggedly constructed and will maintain their 
accuracy for many years. Investigate their 
many uses. 


Ask your Librarian 
to show you the 
Brown & Sharpe 
books — Catalogue 
studies—Nos. 29, 29x 
and 29xx. Our Cata- 
logue No. 137 gives 
details about our 
entire line of manu- 
facture. 


Brown & SHARPE Mee. Co. 
; Providence, R.I., U.S. A. 
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A GENERAL DISCUSSION OF HIGHWAY LOCATION 


tance of 500 feet from the crossing 
will give a clear view of the railway 
for a distance of 500 feet each side of 
the highway. 

These conditions cannot always be 
fully met, but these are what should be 
obtained for reasonable protection to 
the travelling public. 

Financial arrangements are the final 
controls on the entire highway pro- 
gram and in location this fact must be 
kept in mind. Unfortunately in many 
States a large portion of the cost of 











BUFF Instruments 


save time — error and calculation 


Engineers and contractors know 
that BUFF performance is accu- 
rate and sure—on all sorts of 
work from running location lines 
to giving “ neat lines” on impor- 
tant bridge work—without having 
to adjust the transit once. 


Write for the BUFF Catalog 
No. 20M 











Buff & Buff Mfg. Co. 


Jamaica Plain, Mass. 


SUF 








(Continued from page 71) 


State highways is paid from local 
sources and as a result county, town- 
ship and precinct boundary lines have 
an influence in the location of im- 
portant State highways. In order to 
secure continuity of construction it 
is necessary at times to avoid crossing 
a corner of the county or precinct 
for the reason that funds are not 
available for a short section and 
political unit in question is not in- 
terested in the improvement. This 
condition is rapidly decreasing and 
State departments are receiving both 
authority and funds for these important 
roads. The right-of-way, grades, align- 
ment, the earthwork, bridges and 
drainage works are the lasting features 
of the road improvement. These 
should be looked upon from a different 
financial viewpoint than the invest- 
ment for surfacing. If these more 
substantial and lasting features of a 
location cause a high cost estimate 
it should be considered that their cost 
can be distributed over a long period 
of time and these location advantages, 
which are available for all future time, 
should be regarded as an investment 
for the future. 


In conclusion there are offered these 
brief general suggestions to the engi- 
neers: 

1. Liberal allowances should be 
made for future developments in 
traffic and industry. 

2. The individual project should 
be considered a part of a large tran- 
sportation plan. 

3. The confidence of the public 
must be secured’ and retained, as it is 
the public pocket-book being touched 
for both road cost and road use. 


Buenos Aires Starts Second Large 
Subway. Having partly solved its 
loop traffic problem with a_ twelve- 
million-dollar subway, the city of 
Buenos Aires, Argentina, is so well 
pleased with the result that they are 
now planning a new subway to cost in 
the neighborhood of ‘twenty-four 
million dollars and on which work is 
expected to begin within the next six 
months. All the material and equip- 
ment necessary for this huge job must 
be purchased in the United States 
or foreign countries, since Argentina is 
purely an agricultural land. 








Established 1870 


77 SUMMER STREET 





THE WARREN SOAP 
MANUFACTURING COMPANY 


Textile Soaps 




















Incorporated 1890 





BOSTON, MASSACHUSETTS 


WILLIAM T. REED CO. 


Building Construction 


200 DEVONSHIRE STREET, BOSTON 


We are organized and equipped for the efficient handling of 
mercantile and industrial building construction 
of all descriptions 


Formerly New England Concrete Construction Company 





May, 1924 


THE TECH ENGINEERING NEWS 


> 
«< 
Vv 


Wes st.4 
\ 


To Help You to Decide 


Ts manufacture of 100,000,000 
blasting caps without a complaint, 
and 20,000,000 electric blasting caps 
with only one valid complaint involving 
a small number, is the present record of 
our Port Ewen plant. It is a record of 
which we are not ashamed, and which 
we are naturally striving to maintain; 
but after all, the record itself is not the 
important thing to our customers. 


In any process which involves the 
human factor largely, as does the manu- 
facture, inspection, and testing of blast- 
ing caps, perfection is unattainable. The 
nearness to which it can be approached 
depends upon the skill and conscien- 
tiousness of the workers; and upon the 
vigilance with which checks are ap- 
plied by persons, themselves liable to 
error, upon the performance of others 
subject to the same liability. This prac- 


Huntington, W. Va. 
Joplin, Mo. 
Los Angeles, Calif. 


Chicago, II. 
Denver, Colo. 
Duluth, Minn. 
Hazleton, Pa. 


tically perfect record of ours for a cer- 
tain period should interest customers 
only as it indicates that our force is able 
and careful, and that our supervising 
and testing are accurate. 


When a manufacturer can say this, 
it is difficult truthfully to say more. It 
then becomes merely a question of 
degree; for ability, and carefulness, and 
accuracy are relative terms. We wish 
it were possible to take all of you who 
use blasting caps or electric blasting 
caps through our plant so that you 
might decide at first hand how far we 
have traveled towards the impossible 
goal of pefection in manufacturing. This 
is not practicable, but to assist you to 
form your own opinions of this, in suc- 
ceeding advertisements we shall go be- 
hind our record of performance and de- 
scribe some of the means we use which 
made the record possible. 


Salt Lake City, Utah 
San Francisco, Calif. 
Wilkes-Barre, Pa. 
Wilmington, Del. 


Pittsburg, Kan. 
Pittsburgh, Pa. 
Pottsville, Pa. 

St. Louis, Mo. 


Louisville, Ky. 
New York City 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


soaps: 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers courses 
each of four years’ duration, in Civil, Mechanical and Electrical Engineering; 
Naval Architecture and Marine Engineering; Mining Engineering and Metallurgy, 
and Geology and Geological Engineering; Architecture and Architectural Engi- 
neering; Chemistry, Chemical Engineering and Electrochemical Engineering; 
Biology and Public Health, and Sanitary Engineering; Physics, General Science 
and General Engineering; and in Engineering Administration. These courses 
lead to the Degree of Bachelor of Science. 


To be admitted to the first year class, applicants must have attained the 
age of seventeen years, and must satisfactorily fulfill entrance requirements in 
Algebra, Plane and Solid Geometry, Trigonometry, Physics, Chemistry, English, 
History, and French or German and one elective subject. Examinations are 
required in all subjects except Chemistry, History and the elective, the require- 
ments for which are fulfilled by the presentation of satisfactory certificates. A 
division of these entrance subjects between different examination periods is 
permitted. 


Entrance examinations are held at the Institute in September. In June, 


applicants will be examined by the College Entrance Examination Board in Boston, 
New York, Philadelphia, Chicago, and many other cities in America and Europe. 
A circular stating times and places is issued in advance by the College Board. 


Graduates of colleges and scientific schools of collegiate grade, and in general 
all applicants presenting satisfactory certificates showing work done at another 
college corresponding to at least one year’s work at the Institute, are admitted, 
without examination, to such advanced standing as is warranted by their previous 
training. 


Graduate courses leading to the degrees of Master of Science, Master in 
Architecture, Doctor of Philosophy and Doctor of Science are also offered. Special 
Research Laboratories of Physical Chemistry, Applied Chemistry and Science 
have been established. 


PUBLICATIONS 


Bulletins of General Information, Courses of Study, Summer Session’ 
Advanced Study and Research; and the Report of the President and the 
Treasurer. 


Any of the above-named publications will be mailed free on application. 


For information, address 


ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE 39, MASS. 
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Attachments — 8’ length Hose 
Hose Connector 
Wall Handle 
Upholstery Tool 
Wall Brush 
Library Tool 





HARNESSED AIR IN THE HOME 


An unseen servant that works willingly and thoroughly—this is the service of the model 15 Sturtevant Vacuum 
Cleaner. Quickly and easily, the Sturtevant Vacuum Cleaner removes not only the surface litter but ALL 
the dirt from every rug. This thorough cleaning brings back the beauty of the pattern and prolongs the life 
of your rugs by removing the grit that cuts the fibres. Attachments for EVERY corner and crevice that 


dirt knows. 


You can place a model 15 in your home, confident that it will be a real servant ; for 60 years of Sturtevant 
experience in harnessing air has been built into this cleaner that really cleans. 


Sturtevant will work economically in your home; and Sturtevant engineers will tell you how harnessed air 


can bring economy in your plant or factory. 


BRING YOUR PROBLEM TO STURTEVANT 


B. F. STURTEVANT COMPANY 


Sales Engineering Offices Plants located at Foreign Representatives 


Atlanta, Ge. igo Anodieg, Col. Hyde Park, Mass. Berkeley, Cal. Camden, N. J. Seerterens Sees Oe. Se, Tae 

Buffalo, ¥. New York City Sturtevant, Wis. Framingham, Mass. Galt, Ontario American grading >. Shanghai 

Chicago’ Ti.” Portland. Ore. Catton Neill Eng. and Mach. Co. Manila 

Gincinnati, Ohio Rochester, N. ¥ , Blair Reed 4 Co Ltd Wellington 

and, Ohio 3 , Mo. , ; : 3 

Dallas, Tex. Salt Take City, Utah Sark Wesselhoeft and Poor Caracas 

Detroit, Mich. San Francisco, Cal. 4 , f a Wesselhoeft and Poor Bogota 

Hartford, Conn. Seattle, Wash. ’ General Machinery Co. Tampico 

| Setinnapelis, Ind. kag Wl Ont. f ry Fert ng = ri d a 
ashington, D. C. ~,* > 0 a Italo-Americana de 

sto > ea portacion Buenos Aires 

A.E Barker Johannesburg 
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In this age of electricity 
the General Electric 
Company has blazed 
the trail of electrical pro- 
gress. You will find its 
monogram on the giant 
generators used by 
lighting companies; 
and even on the lamps 
and little motors that 
mean so much in the 
home. It is a symbol 
of useful service. 


HENRY CAVENDISH 
1731-1810 

English chemist and physicist, 
of whom Biot said, ‘‘He was 
the richest of the learned and 
the most learned of the rich. 

Hislast great achievement was 
his famous experiment to de- 
termine the density of the earth. 


He first made 
water from. gases 


Henry Cavendish, an eccentric millionaire 
recluse, who devoted his life to research, 
was the discoverer of the H and the O in 
H.0. In fact he first told the Royal Society 
of the existence of hydrogen. 


He found what water was by making it 
himself, and so became one of the first of 
the synthetic chemists. 


Cavendish concluded that the atmosphere 
contained elements then unknown. His 
conclusion has been verified by the dis- 
covery of argon and other gases. 


The Research Laboratories of the General 
Electric Company have found a use for 
argon in developing lamps hundreds of 
times brighter than the guttering candles 
which lighted Cavendish’s laboratory. 


GENERAL ELECTRIC 
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